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The Anthocyanin Pigments in Plants 


And Their Chemical, Physiological and Biological Functions 


EprroniaL Nore.—For countless centuries man has 
taken esthetic delight in the beauty and variety of the 
colors in flowers and much of his ingenuity has been 
and still is employed in the effort to extract their gor- 
geous tints for the benefit of his own raiment. But it 
is only of recent years that he has come to under- 
stand that he is indebted to them not only for the 
“giddy pleasure of the eye,” but for very life itself, 
with the warmth and the food that make it possible, 
Much of our knowledge of the anthocyanins, or soluble 
pigments, indeed has been gained in the last ten years 
—we might say in the last five years. We are at last 
beginning to understand that they not only snatch 
from the rainbow its lovely tints to paint the earth 
but that they are vitally concerned in the life and 
growth and heredity of the plant, and therefore of 
man himself. We are glad to lay before our readers 
the most recent information available upon this fas- 
cinating subject in the form of an article from the 
Revue Générale des Sciences (Paris) by Dr. Beau- 
verie, Adjunct Professor of Science at Nancy. While 
Prof. Beuverie’s article is based upon Miss Wheldale’s 
recently published work “The Anthocyanin Pigments 
of Plants,” it also contains a report of the researches 
or other investigators bringing it down to the present 
year. 

Among the natural phenomena which engage the at- 
tention of even the most careless observer, color is one 
of the most striking. Most people know that the green 
color of leaves is due to a green pigment called chlo- 
rophyll, but most people other than botanists will learn 
with surprise that it is only in the last few years 
that science has acquired accurate data as to the 
nature of the brilliant reds or blues, and the infinite 
gamut of their shades which so gaily deck the flowers 
and make glorious our autumn country side. 

These brilliant hues proceed from modifications of 
the substances forming the group known as Anthocya- 
nins (or Anthocyanin if the word be given a collective 
value). We need not be surprised at the slowness of 
our progress in this field when we learn that it has 
been possible to solve its difficult problems only 
through our latest acquisitions of knowledge in chem- 
istry and in cytology. 

The publication of an admirable book by Miss Whel- 
dale of Newnham College, Cambridge, gives occasion 
for a resumé of the question, but we have also drawn 
on other sources, for in spite of the recent publication 
(1916) and detailed character of this work the evolu- 
tion of our knowledge has been so rapid of late that 
already certain chapters require to be completed, par- 
ticularly with respect to the cytological facts of the 
formation of anthocyanin, a question which has not 
been treated in fact, and the researches of Willstiitter, 
some of which are too recent to have been used by 
Miss Wheldale. Finally we have made use of various 
original memoirs, notably those of R. Combes, who is 
the best authority in France upon this subject.” 

The reading of Miss Wheldale’s book cannot be too 
highly recommended to specialists in this field; it is a 
model of exposition and of documentation. Such mon- 
ographs cannot fail to aid the advance of sciences, 
since, thanks to them, the would be investigator finds 
himself ready armed to attack a study new to him and 
also avoids a considerable loss of time spent in pre- 
liminary experiment. 


MORPHOLOGY AND BIOLOGY. 


The question of the colored pigments which we now 
term anthocyanins has long engaged the attention of 
observers, yet our real knowledge of them dates from 
only a few years ago. As soluble pigments, a name 
which they bear because they are found in solution in 
the cellular juice, they have been contrasted with the 
plastid pigments, such as the green chlorophyll and the 
yellow xanthophyll, which are formed within the plas- 
tids and remain fixed; but we shall see that this dis- 


iWheldale (Muriel), Fellow of Newnham College, Cambridge, 
and formerly Research student at the Jones Innes Horticul- 
tural Institution, Merton, Surrey: The Anthocyanin Pigments 
of Plants, 1 octavo vol. of x—318 p. Cambridge, at the Uni- 
versity Press, 1916. (Price, cc., $3.20.) 

This work is accompanied by a biography containing 645 
items. Most of the citations of titles of monographs are 
accompanied by a brief analysis and reference Nos. of pp. in 
text. 

%Th a memoir in the course of publication R. Combes has 
given an exposition of the question of anthocyanins which 
in general goes into more detail than I am here able to do. 

R.. Combes: Experimental Biochemical Researches upon 
the Physiologic Role of the Glucosides in Plants, I. Prelim- 
inary Study (Rev. Gen. de Botanique, vols. XXIX and XXX, 
1917-18). For the portion corresponding to the history of 
the Anthocyanic Glucosides, see pp. 106-113. 


tinction is too absolute when we consider the cytologi- 
cal facts of the formation of the anthocyanin. 

The innumerable tints of blue, purple, violet, mauve 
and magenta, and nearly all the reds which exist in the 
flowers, fruits, leaves and stalks of plants are due to 
anthocyanins. But the greens and the great majority 
of yellow and orange colors are of different origin. 
Finally, certain shades of scarlet, orange-red, brown, 
and even black are due to the simultaneous presence 
of anthocyanic pigments and those of different nature, 
the hue obtained being the result of a superposition of 
the two. 

The term anthocyanin (from the Greek words 
vanthos and cyanos) has been employed for nearly a 
hundred years, being first found in a work by Mar- 
quart (Bonn, 1835). It has kept the same sense to the 
present time, but certain rival terms such as cyanin, 
cyanophyll, and erythrophyll are still sometimes made 
use of. 

I. EARLY WORKS. 


The property which first attracted attention in these 
pigments was the manner in which they behave with 
regard to acids and bases, that is their turning red in 
the presence of acids and green in that of bases. 

Miss Wheldale cites some interesting passages from 
Robert Boyle’s Experiments and Considerations touch- 
ing Colors (1664) and Nehemiah Grew’s Anatomy of 
Plants (1682). It is hard to tell whether these and 
other old authors thought that the blues or reds of 
plants which are made to change color by vinegar or 
ammonia consisted of one or of several substances. 
However, Boyle obtained differentiations by means of 
solvents—water, alcohol, olive oil. He finds that oil 
dissolves the green matter, but that no known plant 
yields a real red to oil except the sort of the alkana. 
Water dissolves all plant colors, in an infusion, except 
green. No plant gives a perfect blue to oil and none 
gives a perfect green in an infusion in water. 

All this is in accord with our present knowledge 
that chlorophyll is insoluble in water but soluble in oil; 
that the blue and purple anthocyanic pigments are sol- 
uble in water but not in oil; and finally that the red 
pigment of the alkana root is not an anthocyanin and 
has a different sort of solubility. However, the idea of 
the multiplicity of the pigments included in the term 
anthocyanin did not appear till later with our increas- 
ing knowledge on the subject. 


Il. DISTRIBUTION OF THE ANTHOCYANIN PIGMENTS, 


This subject was chiefly regarded from the point of 
view of the distribution of these pigments before their 
physiologic, biologic, and chemical aspects came to be 
considered more important. Even recently important 
works have appeared making the distribution of an- 
thocyanin in the plant world, and in the different tis- 
sues of each plant, their subject: such is the important 
work of Buscalioni Pollacci (1903), that of Parkin 
(1903) and that of Gartz (1906). This last author 
proceeds to a systematic investigation of the presence 
of anthocyanin in the genera, which represent all the 
natural orders, but since the work is written in 
Swedish it is not widely known. 

Plants which are entirely lacking in anthocyanin are 
rare. It may pass unperceived either when it forms 
only small local specks upon the scales of buds, for 
example, or in organs requiring great delicacy of ob- 
servation, such as the stamens of the stigma, or when 
it manifests its presence only under the influence of 
accidental causes, such as the stings of insects, the 
attacks of parasites, etc. However, certain families 
such as the Cucurbitacea (gourds) or genera (Leuco- 
jum narcissus) or species (certain Potamogeton, etc.) 
are known which seem to have no power to form it. 
It is found in the Gymnosperms and the ferns or brakes 
as well as in the Angiosperms. 

It is anthocyanin which produces the black spots on 
the leaves of the Orchis, the Arum, the spotted Lu- 
cerne, etc., the black color being due to the superposi- 
tion of the purple pigment upon the green chlorophyll 
bodies. It is this which makes the beauty of certain 
tropical plants, which are cultivated among us be- 
cause of their handsome foliage, such as the caladium, 
the coleus, the Nidularium, the Billbergia, the Tilland- 
sia, certain Dracena, etc. 

In a general fashion anthocyanin seems to play an 
even more important réle in the tropics than in the 
temperate zones; by a striking contrast it is in the 
penumbra of the thick shade of tropical forests, in an 
atmosphere heavy with warm vapors, that leaves dis- 
play their most brilliant colors. 


The anthocyanin often exists only on the lower side 
of the leaf, as we frequently observe in the foliage of 
forest plants, such as the Cyclamen, the three lobe 
Hiepatica, etc. Similar facts are observed in inarsh 
plants, whose leaves spread their discs upon the sur 
face of the water. In the Lemna polyrhiza, the //ydro. 
charis Morsus-ranae, the Villarsia, the water lilies ang 
the splendid Victoria Regia, all of them aquatic ) ants, 
the leaves are a bright green on top and a dark violet 
beneath. 

Anthocyanin also appears to show a special evel 
opment in Alpine and Arctic plants, specimens of which 
are adorned with richer colors than similar individ. 
uals grown on plains or in regions further south. And 
it is to the anthocyanin that the brilliant colors of the 
autumn are due. 

It is usually to this also that fruits owe their at. 
tractive colors, especially the drupes and the bays. 
Consequently there are two cases: either the pigment 
exists only in the epicarp (plum, grape) or it exists 
both in the epicarp and the mesocarp (blackberry, 
gooseberry, belladonna, blueberry, elderberry, vibur 
num, certain Solanum, etc.). It is totally absent in 
other fruits (pumpkin, tomato, certain Solanum, the 
Citrus family, except in the case of the oranges called 
blood oranges). 

Even the subterranean organs may contain it. The 
roots or stalks, for example, of the beet, the radish, 
or potato, and specimens of the family of the saxt- 
frages (sassifras) and Crassulaceae Pontederiaceae, 
Haemodoraceae and Cyperaceae. It is found in the 
aerial roots of the licus indicear (Indian fig) of the 
Aroids and the Orchids and in the floating roots of the 
Pontederiacea. It is produced in those roots which 
are accidentally exposed to light by developing in the 
water, the willows and alders, for example, and in for 
tails or in certain artificial cultures in glass, the Mays, 
for example. Finally anthocyanin seems to be as 
abundant in parasites as chlorophyll is lacking; exam- 
ples are to be found in the Cuscute (dodder) (studied 
by Mirande) the Orolanche (strangle weed) and 
Lathrea. 

From a histologic point of view it is extremely fre 
quent in the epidermis, somewhat less so in the sub- 
epidermic tissue and finally, still rarer in the depth 
of the tissues. Furthermore, its localization is variable 
even in any given plant; it is not possible, therefore, to 
establish a chart of this localization in the various 
species. 


III. THE ACTION OF THE MEDIA UPON THE PRODUCTION OF 
ANTHOCYANIN. 

The principal factors of the media to be considered 
are light, heat and nutrition. Before attacking this 
question it is necessary to know that the formation 
of anthocyanin seems to be dependent upon the pre 
vious existence of an initial product or “chromozgene” 
from which the pigment is later derived. This sub- 
stance, like all others concerned in the metabolism of 
plants, depends for its formation upon 4 provision of 
carbo-hydrates (sugars), which are, as we know, the 
first products of the photosynthesis of plants. 

1. Nutrition. The réle of the sugars.—The relation 
between the presence of the sugars in the tissues and 
the formation of anthocyanin has been the object of 
an important series of researches. Overton and Mi- 
rande were the first to call attention to this subject 
in 1899: 

In the course of some experiments upon osmosis 
Overton observed that the culture of the Hydrocharis 
Morsus-ranae in a sugar solution had as a result a 
greater production of anthocyanin in the leaves. A 
series of experiments proved that the phenomenon is 
constant in a large number of plants whose leaves and 
branches when cut and dipped in solutions of sugar 
cane, dextrose, levulose or maltose become red. Re 
cent repetitions of such experiments by Katic (1905), 
by Gertz (1912), and others fully confirm these re 
sults. This discovery led Overton to the very evident 
deduction of the possibility that the reddening of the 
leaves, etc., in the normal plant is in direct relation 
to the excess of sugar in the tissues, a conclusion 
which is supported by the fact that the analyses of 
red autumn leaves exhibit more sugar than those of 
green leaves. 

This relation between sugar and pigmentation was 
also proved in 1899 by Mirande in the course of his 
researches upon the Cuscutaceae (dodders). The 
quantity of pigment in dodder depends not only upon 
its species but also upon the species of the plant at- 
tacked by the parasite, and this variability is in direct 
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proportion to the quantity of sugar which the host 
contains, as shown by analysis. 

But it is R. Combes who has most profoundly studied 
this question since Overton and Mirande (1909 and the 
years following). He discovered that the annular de- 
cortication of certain plants causes a considerable de- 
yelopment of anthocyanin in the leaves above the zone 
of decortication, and that these leaves contain more 
sugars and glucosides than do the green leaves of 
the same plant. Combes compares the effect of the 
decortication to the case of the anthocyanin produced 
by the bite of insects, as reported by Mirande (1906). 
The Burrhipara urticata L. attacks the leaves of the 
Galeopsis tetrahit by gnawing the tissues at about the 
middle of the leaf stalk, causing a little notch which 
cuts the bark and a portion of the liber-ligneous bun- 
dies. Under the influence of this wound, which is not 
sufficient to kill the leaf, the latter, nevertheless, quick- 
ly turns to reddish violet. The same phenomenon can 
be caused by artificial wounds with a penknife or the 
finger nail. 

One frequently notices the abnormal reddening of one 
leaf of a plant which is in full vigor. An examination 
invariably shows that the reddening is accompanied 
either by a wound due to some mechanical agent, or by 
the attack of an insect or of a fungus. The latter is 
the case, for example, in many spots of rust; one of 
the most remarkable is found in the colt’s foot in 
which the yellow spots produced by a rust (Aecidium 
tussilaginis-Puccinia Poarum) are surrounded by a 
beautiful red aureole. 

In these various cases the sap has difficulty in 
reaching the tissues which are becoming pigmented, 
and the substances which are being formed in these 
tissues have a like difficulty in spreading into the 
rest of the plant. From the accumulation of such prod- 
ucts of synthesis there results an abundant production 
of anthocyanin. 

When the anthocyanic pigment is formed, says 
Combes, whatever be the remote cause, we observe 
that this pigmentation is accompanied first by the ac- 
cumulation of soluble sugars in the tissues, and sec- 
ond, by an increase of activity in fhe phenomena of 
exidation. It is already clearly to be seen that in all 
the problems relating to the influence of the factors 
of the environment upon the formation of anthocyanin, 
we must consider first, the direct effect of this factor 
“pon the immediate production of the pigments, and 
secondly, the indirect effect upon the production of 
the organic compounds, at whose expense the chromo- 
gene of the anthocyanin will be developed. This chro- 
mogene, as we shall see, exists in the state of a 
glucoside. 

Czartkowski, in 1911 and 1913, affirmed the fact 
already pointed out by Mirande, in 1907, of the utility 
of the phloroglucin in the formation of the anthocyanic 
glucosides. He showed that it is possible to attain a 
more rapid pigmentation of the stalks of the Trade- 
seantia discolor if we cause them to absorb, in place 
of glucose alone, glucose to which there has been added 
elther phloroglucin or phlorizin. But the phloroglucin 
is precisely one of those products which are obtained 
in the course of decomposition of the anthocyanic glu- 
cosides. The phlorizin acts like the phloroglucin, per- 
haps because of the phloroglucin which its molecule 
contains. 

2. Light. The problem of the relation between the 
production of anthocyanin and light has not yet been 
satisfactorily solved. For the purpose of this study 
Sachs (1863 and 1865), Askenasy (1876) and other ex- 
perimenters, have employed the method of compara- 
tive cultures made in the light and in the dark re- 
spectively. The results obtained show that certain 
flowers, such as the Pulmonaria (lung wort), the An- 
tirrhinum and the Prunella, produce little or no antho- 
eyanin in the dark, while many other flowers produce 
as much in the dark as in the light; among these are 
the tulip, the hyacinth, the iris and the crocus. 

The observation of plants in nature, and especially 
of their fruits, causes us to observe that the greatest 
intensity of color is often produced upon the side most 
exposed to the light. However, there are a number of 
cases in which the anthocyanin develops in the sub- 
terranean organ, such as the root of the beet, which 
the light does not reach. 

In the absence of more precise data it seems rea- 
sonable to believe that the immediate process of the 
formation of the anthocyanin may be entirely indepen- 
dent of light, if the tissues contain reserve material in 

ficient quantity to permit the production of the chro- 
Mogene, but if the reserve materials are insufficient in 
quantity, as may result from a diminution in the pho- 
tosynthesis, then the anthocyanin is not able to appear 
because of the lack of the chromogene. 

.3. Temperature. The problem of the effect of tem- 
Perature offers similar difficulties. It may be asked 


whether the temperature influences the immediate for- 
mation of the pigment, or if it is also an indirect cause 
exerting its effect upon the production of materials 
which serve for the synthesis of the pigment. 

The fact that a low temperature favors the forma- 
tion of the pigment seems to be demonstrated by the 
colors of autumn leaves and the winter reddening of 
the leaves of the Hedera, Ligustrum, Mahonia and 
other plants where foliage is persistent. Reciprocally 
Overton found in 1899, in the Hydrocharis, that the 
higher the temperature the smaller was the amount of 
the anthocyanin. Klebs observed in 1906 that the 
flowers of the Campanula and the Primula are usually 
white in hothouses, while the same individuals kept at 
a sufliciently low temperature bear colored flowers. 

The question of temperature is possibly more difficult 
even than that of light. While on the one hand a low 
temperature retards the photosynthesis whereby the 
sugars are produced, on the other hand it also retards 
the growth, the formation of starch and probably the 
circulation also; by reason of this it has a tendency 
to increase the content of sugar in the tissues—a con- 
tent which, as we have seen, favors the formation of 
anthocyanin. A high temperature, on the contrary, ac- 
celerates the growth and the respiration, and conse- 
quently prevents the accumulation of an excess of syn- 
thetic substances. 

4. Application of the Data relating to Light and Tem- 
perature; the case of Alpine Plants.—This question 
has been extensively studied, principally by G. Bon- 
nier (1878 to 1895), but also by Flahault (1878, 1879), 
and some other authorities. Furthermore the subject 
of the colors of Alpine plants has been much in vogue 
among those biologists who have studied the relations 
between the coloration of flowers and their polleniza- 
tion by insects. 

Flahault and G. Bonnier have compared individual 
specimens growing at an altitude of 2,300 meters with 
those growing on the plains, and have found that the 
latter produce flowers which are paler and which also 
contain less anthocyanin in the leaves and stalks. 
These facts appear to constitute a natural demonstra- 
tion of the relations which we have just considered 
between the color of the plant and the factors constti- 
tuting the environment. The plants of high altitudes 
are retarded in their growth, i. e., little material is 
expended in the process of vegetation; they are ex- 
posed during the day to an excessive amount of sun- 
light, and by night the temperature is low. We can 
readily believe, therefore, that the photosynthesis is 
very active, while the circulation and the growth are 
retarded—so that we have here conditions which fa- 
vor a high concentration of sugars and chromogene in 
the tissues, and consequently an abundance of pig- 
ment. 

5. Dryness or Drought.—This favors the formation 
of anthocyanin, as shown in the case of plants scantily 
watered (Molisch, 1890), or growing in a very dry 
atmosphere (Eberhardt, 1893), or growing on dry 
ground when their natural habitat is aquatic (Warm- 
ing, 1894, 1902), shown also in certain halophytes 
wherein growth in a salty medium creates a state of 
“physiologic dryness,” and finally in certain trees of 
the tropics whose leaves take on a superb red color in 
the dry season before their fall (Mizoshi, 1909). 

In 1893 Ed Gain showed that the content of pigment 
in the tubes of the red varieties of potatoes and of 
Jerusalem artichokes is in direct proportion to the 
dryness of the soil, other things being equal. In all 
the cases cited there is an increase of concentration in 
the cellular sap, upon which doubtless depends the in- 
creased intensity in the formation of anthocyanin 
(Combes). 

IV. THE FUNCTION OF THE ANTHOCYANIN. TWO DIF- 
FERENT TYPES OF ORGANIC FUNCTIONS AND PHYSIOLOGIC 
FUNCTIONS. 

1. Biologic Functions.—The study of the biologic 
functions, which would require a lengthy development 
does not come into the scope of Miss Wheldale’s work. 
These functions chiefly concern the attractive value 
of the colored floral organs with respect to fertiliza- 
tion by insects, and the subsidiary question of the at- 
tractive value of ripe fruits, which are highly pig- 
mented, as regards their dispersion by birds. 

The relation between the colors of flowers and ento- 
mophily has been made the subject of extensive study 
in P. Knuth’s work, Handbook of Flower Biology 
(Leipzig, 1898); it also contains an important bibliog- 
raphy concerning the biological significance of antho- 
cyanin. We may add that the tone of finality which 
we mark in this work diminishes both its value and its 
interest. 

2. Physiologic Functions.—The problem of the physi- 
ologie function of anthocyanin is peculiarly difficult 
and has not as yet been satisfactorily solved. Various 
functions of this nature have been ascribed to it. 
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a Theory of the Screen.—One of the most famous of 
these is the theory of the screen, first set forth in a 
work by Pringheim in 1880, .in which it was proved 
hat chlorophyll is blanched by the action of intense 
light, but that this can be prevented if the leaf be 
protected by a red screen. 

From this the idea developed the idea that anthocya- 
nin might possibly act as a protector of the chlorophyll. 
But later experiments did not confirm this view. In 

885 Reinke proved that it is the rays (red) absorbed 
by the chlorophyll which have the greatest destructive 
effect upon the latter—a more damaging effect than 
any other radiations in the spectrum, and Engelmann 
(1887), proved that the absorption spectrum of autho- 
cyanin is complementary in its totality to that of chlo- 
rophyll. Thus the anthocyanin allows the rays which 
are the most injurious to chlorophyll to pass, and re- 
tains those which are the least so. Under these condi- 
tions it cannot be an effective screen. 

b Stahl’s Theory of a Rise of Temperature.—Con- 
trary hypothesis was suggested by Stahl in 1896 and 
largely developed by him: i. e., that the anthocyanin 
absorbs certain solar rays, and by converting them 
into heat, raises the temperature of the leaf; this may 
serve to accelerate the transpiration under conditions 
which render it difficult, as is the case in certain 
habitats such as the humid regions of the tropics, or, 
again, to protect plants against low Alpine tempera- 
tures. 

Stahl cites the following principal facts in favor of 
this hypothesis: Anthocyanin is frequently found in 
the leaves of aquatic plants or those dwelling in 
marshy ground; it also occurs rather extensively in 
the leaves of plants which love shade, especially in 
humid tropical regions. Its presence tends to raise 
the temperature and thus accelerate the transpiration, 
which is rendered difficult by the nature of the habitat. 

He mentions among other examples the red surface 
of the leaves of aquatic plants such as the Nymphea 
ahd Villarsia, and the fronds of the Lemna, the leaves 
of marsh plants like the Orchis Maculata, Orchis Ratt 
folia, Ranunculus acris, and the leaves of forest plants, 
including the Arum maculatum, Phyteuma sptcatum, 
Hypochaeris maculata. These examples are insignifi- 
cant, however, by the side of those he lists as coming 
from Borneo, Java, and Mexico, and belonging to va- 
rious families comprising Begonias and Orchids, the 
Acanthaceae, Gesneriaceae, Marantaceae, Araceae and 
Melastomaceae. 

Stahl notes that in plants which produce anthocyanin 
it is the lower leaves near the humid soil which have 
the most spots, while the upper leaves are sometimes 
not spotted at all (Polygonum Persicania). In Java 
he likewise noted that the urus of the Nepenthe, lying 
upon the ground among the ferns and mosses, are deep 
red, while those produced above this vegetation are 
but slightly tinted. 

Finally he observed, and the fact was confirmed in 
1909 by Smith, that the internal temperature of red 
leaves is higher than that of green leaves. Ewart 
criticized Stahl’s theory by remarking that both a 
high temperature of the tissues and strong transpira- 
tion must be detrimental instead of useful to the plant. 

c Palladine’s Theory of “Respiratory Pigments.”— 
We shall see later that Palladine, by including the an- 
thocyanic pigments among his “respiratory pigments,” 
thereby made them play a considerable réle in the life 
of the plant. 


V. GENETICS. THE PART PLAYED BY ANTHOCYANIC PIG- 
MENTS IN HEREDITY. 

While practically all blossom bearing plants pro- 
duce anthocyanin they are far from exhibiting the 
same coloring; each possesses, on the contrary, a 
characteristic color; from this type there are often 
produced different colored varieties; this occurs in 
nature but more frequently in cultivated plants. Re- 
peated experiments have taught us which characters 
are transmitted according to the laws of Mendel; in 
the first rank of these “Mendelian characters” is the 
coloration of flowers and fruits. 

The colored varieties of plants have furnished abun- 
dant material for the study of Mendelian heredity. 
Miss Wheldale devotes the second part of her book 
(70 p.) to this question. Since we cannot go into this 
subject extensively we shall content ourselves with 
showing later on how Miss Wheldale applies this sort 
of study to research into the chemical processes con- 
cerned in the formation of anthocyanin, and why she 
believes she can translate certain Mendelian phenom- 
ena into chemical terms. 

VI. THE CYTOLOGICAL PROCESS OF THE FORMATION OF 
ANTHOCYANIN, 

The facts of cytological morphology which are con- 

cerned in the formation of anthocyanin have been 
(Continued on page 7) 
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Shucking oysters at a Southern canning station 


The Oyster Feeds Both Man and Plants 

Oysters were a favorite food of the natives of Amer- 
ica long before the white man set foot on these shores, 
and at many points on the Atlantic coast are to be 
found huge piles of oyster shells that date back to pre- 
historic times, and which account for millions of 
bushels of bivalves, although the fishing facilities of 
many generations of aborigines were most primitive, 
and their catches insignificant as compared with the 
steam dredger of today. F 

Our predecessors on these shores had no use for the 
shells of the oysters, and discarded them on the near- 
est shore to the oyster beds, for the delicate morsel 
within had to be consumed on the spot, as it would 
not keep for transportation any distance inland; and 
after the white man came, he practically followed the 
custom of the Indian. For many years the oyster shell 
was a waste product, and the only practical use that 
was found for it was as a road repairing material, 
which was spread loosely on the primitive cart-tracks, 
to be trodden down and rolled in by the feet of passing 
horses and the wheels of the wagons. 

Later on it was discovered that these despised shells 
contained materials that furnished a desirable ferti- 
lizer, and now the useful oyster furnishes great sup- 
plies of valuable food for both man and plant. 

It is said that the annual catch of oysters in the 
waters of the United States is in the neighborhood of 
20,000,000 bushels, of which at least three-fourths con- 
sists of the shells. Sometimes these shells are ground 
and applied directly to the land; but the best results 
are obtained when the shells are calcined in kilns, and 
then ground to a powder in a mill constructed for the 
purpose, 

Oysters themselves are, so to speak, cultivated some- 
what like a field crop, as beds for their growth are 
laid down of scattered shells, stones, tiles or broken 
bricks, to which the “spat” or embryo oyster, floating 
in the water, can attach itself and establish a per- 
manent home. Then it is often found that the par- 
tially developed oyster can, with advantage, be trans- 
planted to some other locality where it will grow 
faster, and finally, in many places, it is the custom to 
dredge up the fully developed oyster, and again trans- 
plant it to brackish water, at the south of some fresh- 
water creek, where it quickly fattens, and assumes a 
pleasing plumpness that makes it attractive to the con- 
sumer in the market. 

The accompanying photographs show most of the 
simple processes by which the shells of oysters are 
converted into fertilizer, to assist in producing still 
more food to satisfy the ever increasing demands of 
man. 


Making Hollow Concrete Articles 


Accorpine@ to the Bruckenbau, the production of hollow 
concrete bodies completely enclosed, which has hitherto 
only been possible within certain limits, is made easier 
by"the new patent system of Stefan Rohm, of Munich, 
who proposes to enclose a block of ice of the required 
shape in concrete. Of course, small openings or channels 
would be left by means of which the thaw water could 
escape. In this way it is possible to produce not only 
small concrete bodies with hollow centers, but large ones 
as well. The process can also be applied to artificial 
stone. 


The Relation of Light to Health* 

By Charles E. De M. Sajous, M.D., LL.D., Sc.D. 

THE word “ferment” is steadily being replaced in 
medical phraseology by the word “enzyme.” In the 
words of Professor Mendel, of Yale, “Enzymes are no 
longer thought of exclusively as agents of the digestive 
apparatus; they enter everywhere into the manifold 
activities of cells in almost every feature of metabol- 
ism.” In other words, the same ferments, pepsin, 
trypsin and others which first prepare foodstuffs in 
the stomach and intestine, for assimilation by the 
tissues of the body at large, are the same agents which 
carry on certain functions in the intimacy of the 
tissues. 

Considerable evidence is available to show that 
these digestive ferments are carried from the all- 
mentary canal to the tissue cells by certain white 
corpuscles of the blood, in which they are readily 
found. To these white corpuscles belong the phago- 
cytes, which ingest and digest disease germs. We thus 
have digestive ferments taking part—along with the 
oxidizing ferment—-not only in the vital processes of 
each tissue cell, but also the defense of the body 
against disease. 

Prevost’s theory of mobile temperature equilibrium is 
now known to apply to radiant heat as well as to heat 
energy derived from other sources. It is simply that if 
twe bodies of different temperature are placed close 
to each other, the warmest of the two will lose heat by 
emitting radiant heat which the colder body will take 
up until the temperature of both is equalized. Briefly, 
the skin absorbs radiant heat when the cutaneous tem- 
perature is lower than that of the radiations received, 
up to certain limits (influenced by the perspiration and 
other factors) and the temperature of the tissues of, 
and beneath, the skin is thus raised. 

The penetration of radiant ight through the tissues 
when long wave lengths characterize the rays, is con- 
siderable, that of red rays for instance, exceeding one 
inch. Careful experiments by Rollier showed that 
solar rays could penetrate the hand and forearm and 
also. under favorable circumstances, the entire chest. 

How does light energy influence the vital process of 
those tissues and contribute to the defense of the 
body against disease? Charcot, the French neurologist, 
as far back as 1859, urged that we should distinguish 
hetween the purely chemical effects and those produced 
by heat. Tn the present connection we probably are 
dealing with a process in which the chemico-physical 
effects credited to oxidizing ferment I have termed 
“adrenoxidase” and heat both take part, particularly 
near the surface. 

There exists immediately under the superficial tissue 
a great system of small interwoven canals which, so 
to say, act as sewers of the tissue cells. They serve 
not only to carry off, but also to purify the fluids re- 
ceived from those cells by breaking down, as far ae 
possible, the wastes and detritus that they form while 
carrying on the process which constitutes their life. 
‘These channels are interspersed with glands that con- 
tain phagocytes, 7. e., cells of the type that destroy, 
by means of their digestive ferments, disease germs 


*Abstract of a paper presented before the Philadelphia Sec- 
tion of the Illuminating Engineering Society, and published 
in the Transactions of the Soctety. 
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and other harmful substances that the small canals 
earry to them from every direction. This system of 
lymph channels and glands, known as the lymphatie 
system, is a prominent weapon of defense. Everyone 
has seen lymph, a whitish viscid fluid, collect op 
abrasions, and also enlarged glands on the neck of 
children. These latter are enlarged lymphatic glands 
trying to destroy bacteria from some source, the ton- 
sils, adenoids, etc., thus preventing general infection. 

The beneficial influence of sunlight is readily ac. 
counted for when we take the lymphatic system into 
consideration in addition to the tissue cells, in view of 
the effect of light energy as manifested by its ra- 
diated heat. Indeed—and this is the dominating fac 
tor in the process—the ferments of both kinds pre 
viously referred to, those which promote tissue oxi 
dation and those that digest and destroy bacteria and 
organic poisons become increasingly active as the heat 
to which they are exposed is increased, and we ob 
tain as result an increase of both vital activity and 
defensive aggressiveness. 

This increased efficiency of ferments under the in- 
fluence of increased temperature is the method adopt- 
ed by Nature, according to my own viewpoint. It 
explains the process we term “fever,” long deemed an 
enemy, but in reality a defensive function calculated 
to destroy poisonous substances or germs that have 
found their way into the body fluids and cells from a 
focus somewhere, either in the superficial or deep 
tissues. In the course of fever, the germ destroyers, 
or phagocytes, are not alone at work in the blood 
stream, but the whole internal lining of the blood- 
vessels themselves is made up of these germ destroy- 
ing cells. Again, the lymphatic vessels which act as 
drains for the tissne cells, we have seen, afford ad- 
ditional aid in the defensive process by means of the 
multitude of phagocyte-laden glands through which 
the serum obtained from the blood by the tissue cells 
must pass before it is returned to the circulation. 

Of course, abnormally high fever, i. e., fever above 
104° F., for instance, may become dangerous in the 
sense that the very digestive ferments which have 
their purpose to defend, become too active and begin 
to digest not only the red blood corpuscles, a process 
physicians term “heimolysis,” but also certain tissues, 
a process known as “autolysis.” To offset these mor- 
bid effects of excessive radiation during hot weather, 
the skin protects the body by perspiring; the water 
which moistens the skin, by evaporating, keeps the 
surface temperature within normal limits. The cool 
baths physitians employ in the treatment of typhoid 
fever, have the same end in view; they keep the fever 
within safe limits. 

On the whole, the relation of light to health may he 
summarized, in view of the few data submitted, by 
the statement that it is intimately bound up with the 
perpetuation of life, whether the tissues be normal 
or diseased. It tends to sustain health by promoting, 
as radiant energy, the activity of the oxidizing fer- 
ment adrenoxidase, which sustains the oxidation of 
tissue cells, an essential function of their life. It 
tends to defend the cell, when endangered by certain 
germs and poisons by enhancing through the heat 
energy developed, the efficiency of the defensive fer- 
ments which submit these harmful agencies to digestive 
destruction. 
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Vibration: Mechanical, Musical and Electrical 

Tue importance of the discourse on “Vibrations— 
Mechanical, Musical, Electrical,’ which Professor Ed- 
win H. Barton, D.Se., F.R.S., delivered at the Royal In- 
stitution last month, must not be judged by the small 
amount of space we can give to it under the pressure 
of other matter. Analogies such as he dwelt upon are 
the most fruitful aid of the instructor, and it is only 
the master of his subject who can risk their develop- 
ment without fear of being misled by them. 

Typical vibrations, Professor Barton pointed out, 
might be classified as “free, forced, coupled, compound” 
vibrations, and also as “mechanical, electrical, musical 
motions systems,” and thus be grouped in columns and 
rows; that was only one of many possible classifica- 
tions and might be extended. The simple pendulum 
described free vibrations which friction slowly extin- 
guished. When the point of suspension was itself 
slightly moved to and fro by some periodic forces, the 
vibrations were forced and depended upon the “tun- 
ing,” é. e., the degree of agreement between the natural 
period of the pendulum and that of the forces, as to 
amplitude and as to phase. When the forces alter- 
hated at appreciably slower rate than the natural vi- 
brations, the two pendulums would almost be in phase; 
when the forces changed more rapidly, in opposite 
phase; the closer the tuning, the better was the re- 
sponse. To demonstrate this, Professor Barton sus- 
pended several pendulums from a tightly stretched 
cord; the first pendulum had a heavy bob; when it 
was made to oscillate, it acted as “driver” on a pair of 
light pendulums (celluloid balls), one being longer, the 
other shorter than the driver, and the two settled to 
oscillations in opposite phases. The energy of the 
light “driven” pendulums was taken from the heavy 
driver, which suffered little by the loss. When one 
of two pendulums of equal masses was struck, the 
other also started oscillations which attained the same 
amplitude; but the driven bob sent energy back to the 
driver, and this surging to and fro of energy between 
the two was characteristic of the coupled vibrations, 
while with the disparity of the masses in the former 
case of forced vibrations there was only action of the 
driver on the driven bob, but hardly any reaction. In 
principle the two cases did not differ, coupled vibra- 
tions being reduced to forced vibrations with small 
coupling and comparatively large driving mass. The 
vibrations of both the two coupled ‘bobs seemed quite 
simple, but they waxed and waned in amplitude exhib- 
iting “beats”; beats were heard when two tones of 
slightly different pitch were sounded together, the num- 
ber of beats per second being the difference of the fre- 
quencies of the two notes. Similarly the waxing and 
Waning vibration of either pendulum might be regard- 
ed as the superposition of two simple vibrations of 
slightly differing periods. 

In the next demonstration one bob was suspended 
from the ceiling and a second bob suspended from the 
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tirst; when one of them was struck, the other started 
moving, but not as just explained; the second pendu- 
lum moved, paused a little, restarted again, and so on. 
This difference was due to different period ratios of the 
superposed vibrations, itself due to different degrees of 
coupling; the coupling, loose in the former case, had 
become tight, and the nearly equal periods had passed 
into periods at a ratio exceeding 2:1, which involved 
the pause or twitch. To bridge the gap between the 
two types of apparently unlike motion, Professor 
Barton devised his cord and lath pendulum. A wooden 
lath weighted below at P is the first pendulum VP; on 
the lath slides a stud C to which a cross arm DD, is 
attached, from the ends of which two pendulums D Q 
and D, Q, are suspended by looped strings of equal 
lengths; Q and Q,, are cross-connected by a rod. For 
a short distance DD, the value of the coupling was 
approximately—the relation was not so simple in re- 
ality—represented by the ratio OC:CP; when the 
ratio was unity, the coupling was, for equal pendulum 


masses and equal lengths, 1:\/ 3=58 per cent. The 
bobs were formed by funnels charged with sand, so that 
the escaping sand traced a curve on a black board 
held underneath the bob. 

We should already have mentioned the electrical 
analogies. The current oscillations in a Leiden jar 
circuit of small resistance, Professor Barton explained, 
represented free vibrations; the inductance measured 
the electro-magnetic inertia. When a circuit of ca- 
pacity and small inductance (a Fleming cymometer) 
was placed near—not too near—a circuit of similar 
frequency, but much greater inductance, the former 
would respond to the latter by forced vibrations, with- 
out appreciably diminishing the oscillations of the lat- 
ter. When the two inductances and the two periods 
were comparable, the driven system would react on the 
driving by coupled vibrations. With very close coup- 
ling the primary oscillation was rapidly damped, so 
that the coupling was broken (after the energy had 
been transferred to the secondary), and the secondary 
was left free to oscillate at its own natural period; 
this was the case of the quenched spark of Max Wien 
and of the Telefunken radiotelegraphy system with a 
very short spark gap between large electrodes. The 
acoustical analogues were the free vibrations of a 
single tuning fork, the forced vibrations of a tuning 
fork under electromagnetic excitation (a hummer) ; the 
coupled vibrations of two equal tuning forks in prox- 
imity (resonance); and the compound vibrations of 
musical instruments. 

The electrical vibrations, the lecturer continued, 
seemed to be simpler than any mechanical analogy yet 
devised. But Professor Barton’s further aparatus ex- 
plained many difficulties. In one of these apparatus, 
the double-cord pendulums, two strings, the “bridles,” 
were stretched, more or less tightly, parallel to one 
another, in parallel planes; they were held together 
in the middle by a horizontal rod or tube, from the 
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ends of which sand-funnels were suspended by adjust- 
alle loop cords; one of the bobs was made to oscillate 
at right angles to the parallel planes; underneath the 
pendulums was a horizontal black board which was 
slowly pulled along so as to receive the escaping sand. 
The bridles would sag (droop) under the weight of 
the pendulums and the coupling could be varied from 
1 to 60 deg. per cent. by varying the droop; the 
greater the droop, the higher the coupling. As the 
coupling was tightened the appearance of the phenom- 
ena changed from slow beats to compound harmonic 
motion. For equal pendulum masses and lengths, the 
vibrations of the primary (the one excited) and the 
secondary pendulum would in turn pass through the 
same maxima and minima, i. e., there would be the 
same waxing and waning of the amplitudes of a cycle. 
But when the primary was very heavy (20:1), the vi- 
brations were forced, the primary vibrations being all 
oi the same amplitude, not showing any cyclic change, 
while the secondary amplitudes increased and de 
creased. When the heavy pendulums were relatively 
short, a new feature appeared as the coupling was in- 
creased; the ratio of the periods first diminished to a 
minimum and then rose again, which meant that the 
number of vibrations in a beat cycle increased first and 
thus decreased again. ‘These and other cases, illus- 
trated by the lecturer, had been theoretically predicted 
and then experimentally been confirmed. 

Professor Barton then passed to musical vibrations, 
a field in which he has successfully broken novel 
ground. We must confine ourselves to a few remarks. 
Musical instruments, he pointed out, usually gave com- 
pound vibrations of the pedal (lowest) note and its 
harmonies. That the F between the lowest OC and its 
octave, could be obtained on brass instruments, was 
puzzling to theoreticians; but he had explained its 
existence, which depended upon*the diffused resonance 
of the pedal and the intentional mistuning with respect 
to the higher notes; as the pedal was rarely sounded, 
the tuning was adapted so as to secure clear high notes. 
With respect to string instruments the physicist told 
the musician all about the vibration of a string, which 
could be bought for a few shillings, but gave little 
advice as to the influences of the manner of playing, 
of the bridge, the belly, the air holes, the mutual re- 
actions of the light and heavy strings and other fea- 
tures of a violin, which was worth thousands of 
pounds. By fixing small mirrors and diaphragms to 
these parts, Professor Barton has studied these vibra- 
tions, and he exhibited many interesting photographs 
showing the modulations which the monochord vibra- 
tions underwent in the played instrument. His con- 
cluding remarks were certainly justified: “Music lovers 
and scientists are much indebted to instrument makers, 


* who have received little help from science in return. 


It is time that science pays off its debt to the musical 
craftsmen and makes the British piano second to none 
in the world.—2Hngineering. 
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Dyes in, Photography . 


Their Use in Orthochromatic Work and for Non-Halation Plates 


Tue modern artificial coloring matters, the use of 
which is of importance to a large number of indus- 
tries, in particular, those of dyeing and printing on 
textile fabrics, have a considerable variety of appli- 
cations in photography, and the progress of photog- 
raphy in monochrome as well as in color owes a good 
deal during the past few years to this branch of 
purely chemical manufacture. The several purposes 
for which dyes are employed in photography may be 
stated as follows: 

In orthochromatic photography. 

In the preparation of non-halation plates. 

In color photography by the triple superposition 
method, in the making of color-screen plates, in pro- 
cesses depending upon the production of colors from 
colorless substances by the action of light, and in those 
based upon the bleach-out action of light upon dyes. 

Tinting of cinematograph films and safelight papers. 


ORTHOCHBOMATIC PHOTOGRAPHY. 


As is well known the negative obtained on an ordi- 
nary photographic plate is a false rendering of the 
action of rays of light of different colors. In the ab- 
sence of special means, yellow, orange, and red are re- 
produced as exceedingly dark tones in the photograph- 
ic print, whilst blue and violet are represented by very 
light tones. A white drawing on a blue ground or 
black on red might thus yleld a photographic copy 
consisting of one uniform tone in which none of the 
details of the design would be visible. Inasmuch as 
the relative sensitiveness of photographic plates can 
be modified in order to yield photographic renderings 
comparable with those perceived by the eye, the disa- 
bilities of the ordinary plate may be avoided by such 
orthochromatic or isochromatic preparations. The ad- 
dition to the photographic emulsion of certain coloring 
matters effects a displacement of the actinic action of 
light, and imparts to these preparations very consider- 
able sensitiveness to rays of the greater wave lengths. 
At the present time, certain dyes are used which effect 
such a preponderating sensitising action for yellow and 
green rays in comparison with violet that the sen- 
sitive plates can be employed without a compensating 
light-filter such as is ordinarily used to cut down 
a certain proportion of violet rays. The sensitising 
action does not, however, correspond exactly with the 
absorption spectrum of the dye. 

Only a small number of coloring matters possess 
these sensitising properties, these dyes exerting their 
sensitising action when present in very small quanti- 
ties. Some of them act in so small a proportion that 
the senstised plate possesses no visible coloration, ap- 
pearing colorless to the eye. The dyes cannot be 
chosen as can those for the purpose of making colored 
screens, that is to say, by the examination only of 
their absorption spectrum, although the optical sensi- 
tising takes place in consequence of the plate with 
which dye has been incorporated absorbing the rays 
for which the plate is sensitised. There are, in fact, 
dyes which sensitise for rays different from those 
which their solutions absorb; for it must be assumed 
that the dye possesses sensitising properties only when 
it is able to form a compound with the silver salt 
analogously to the formation of a “lake.” In this case 
it is the absorption spectrum of this compound which 
is the effective agent, and not that of the solution of 
the dye. 

The examination of the absorption spectrum will 
thus give only very approximate indications of the 
color-sensitising properties of the dye. Very dilute 
solutions of the dyes, so dilute as to exhibit no percep- 
tible absorption to the eye, nevertheless, are capable 
of exercising a pronounced sensitising action. The 
feature which distinguishes a true color-sensitising dye 
from one which acts simply as a screen is that the 
former exerts its action in these minute quantities and, 
therefore, without coloring the emulsion; also it gives 
rise to. no reduction of the sensitiveness, and, conse- 
quently, does not call for an increased time of expos- 
ure, The sensitising power of a dye can only be de 
termined experimentally by photographing a spectrum 
on a sensitive plate impregnated with the dye to be 
tested. 


DYES USED AS SENSITISERS. 


The principal classes of dyes among which are to be 
found color-sensitisers are the derivatives of diphenyl- 


*An abstract of a paper in Chemie et Industrie, published 
in the British Jour. of Photography. 


By_Dr. A. Seyewetz 


methane, triphenylmethane, acridine, and phenyl-acri- 
dine and quinoline. ‘There are, moreover, dyes vbelung- 
ing to other classes which exert a sensilising action 
only when reducing at the sume time the general sen- 
sitiveness. ‘hese dyes possess a very limited practical 
interest. The various dyes, according to their chemical 
constitution, produce sensitising action in the different 
parts of the spectrum, but none of them, whether em- 
ployed alone or in admixture in variable proportions 
permits of reproducing the spectrum with the relative 
value of colors perceived by the eye. Exceedingly ef- 
fective sensitising can, however, be obtained for lim- 
ited parts of the spectrum, such as the yellow and the 
green of one part, or for the red of another. By util- 
ising these partial results, the employment of several 
dyes thus yields a sensitising effect greater for the 
red and yellow than for the blue and violet, but still 
without attaining the respective color values perceived 
by the eye, 


SENSITISERS FOR YELLOW-GREEN, YELLOW-URANGE, AND 
RED-OBANGE, 


The dyes of the phthalein class are the most impor- 
tant sensitisers for yellow and green. WHosine, erythro- 
sine, and rose bengal are employed for the preparation 
of orthochromatic plates sensitive to yellow and green. 
Sensitisers for yellow and orange are the blue, violet, 
or red dyes. Quinoline red, rosaniline violets, more 
particularly ethyl violet, and the cyanines are em- 
ployed for the sensitising of plates to red and orange. 
Lastly, certain cyanines permit of sensitising at one 
and the same time to orange and red, 

The manufacture of orthochromatic plates has made 
important progress during the past few years owing 
to the discovery of a large number of new cyanine 
dyes, the original type of which is ordinary cyanine 
obtained by condensation with caustic alkali of equi- 
molecular compounds of quinoline iodo-ethylate and 
quinaldine in alcoholic solution. By employing the 
sensitising properties of quinaldine quinoline ethyl- 
cyanine, Dr. Miethe provided the starting-point of 
work undertaken by various dye factories for the 
preparation of new cyanine sensitisers. 

The lepidine-cyanine blues exert their sensitising ac- 
tion beyond C in the red of the spectrum, while the 
violet-red quinaldine-cyanines sensitise only beyond D 
% C in the orange. The quinaldine-cyanines possess 
several advantages over the lepidine-cyanines, and as 
the sensitising into the red is a very desirable feature, 
attempts have been made to produce quinaldine cya- 
nines of bluer color in order to increase the red sen- 
sitiveness. Dr. Kiénig has employed a whole series of 
substituted quinolines in order to obtain new cyanines, 
and has found that the iodo-methylates of quinoline 
and of substituted quinaldine (meta and para) 
yield bluer cyanines. Orthochrome T  (para-tolu- 
quinaldine para-tolu-quinoline ethicyanine) exerts its 
sensitising action not only in the orange, yellow, and 
green, but in the red. Pinachrome, pinaverdol and ho- 
mocol are cyanines analogous to orthochrome. Ethyl- 
cyanine, pinacyanol, and dicyanine, discovered by Dr. 
Koénig, possess notable sensitising properties. The 
two first sensitise into the red near the line B with 
a notable predominance of the orange and red rela- 
tively to the blue. Lastly, dicyanine produces sensitis- 
ing into the extreme red, but without predominance 
over the blue. 

The manufacture of dyes employed as color-sensi- 
tisers has hitherto been the monopoly of a few German 
factories, but it can be readily undertaken, and at 
small cost, by French dye manufacturers, among the 
chemists of whom are undoubtedly those capable of 
discovering new dyes possessing sensitising properties 
superior to the substances at present in use. 


DYES FOR NON-HALATION PLATES. 


Among the various means for the prevention of ha- 
lation the most effective is the incorporation between 
the glass and the emulsion coating of a transparent 
red-orange or green film, or one of suitable non-actinic 
color which absorbs all the rays after their reflection 
from the back surface of the glass. The dye em- 
ployed for the coloration of this film requires not 
only to possess a suitable absorption spectrum, but 
should not diffuse into the emulsion and so reduce 
the sensitiveness of the latter. Moreover, it requires 
to be readily decolorised in order not to obstruct 


the operation of printing from the finished nevatiye 
Only a few dyes fulfil these requirements, amony them 
Rosolic and Congo red. 


DYES FOR CINEMATOGRAPH FILMS AND FOR SAFELIGHT 
PAPERS. 


The dyeing of cinematograph films for the purpose 
of producing various artistic effects is a development 
which consumes very considerable quantities of the 
coloring materials, either for uniformly tinting the 
whole film or for coloring only the image portion of it, 
In the case of the first process the bands of film 
stretched on frames and previously soaked in water are 
immersed in dilute solutions of the dyes, which gen- 
erally are those of the basic type, moved about in these 
baths until the requisite depth has been secured, then 
rinsed and dried. The local coloring of films by means 
of a brush which follows the outlines of the image is 
au process which from its nature is one which can 
receive little industrial application. 

Lastly, a use of dyes which cannot be passed over 
without mention is in the preparation of the transpar- 
ent papers of red, green, or yellow color employed as 
safelights. These papers will in time replace the col- 
ored glasses of dark-room lamps, inasmuch as they 
possess distinct advantages over the latter. Apart 
from the avoidance of any risk of breakage the color 
can be chosen so as to obtain the maximum luminos- 

y for the eye and the minimum of actinic effect upon 
ihe sensitive materials. Also by the use of these 
papers in a greater or lesser number of assembled 
sheets the illumination can be readily varied in any 
desired way and the safelight thus readily compound- 
ed in accordance with the strength of the light and 
with the special sensitiveness of the material which 
is being handled. 

It will thus have been seen that dyes are employed 
in many numerous applications in photography, but 
at the same time it is to be noted that the properties 
which are acquired in these various photographic uses 
are different from those demanded in the dyeing of 
textile fabrics where, apart from the brilliancy of 
the color, the permanence of the dyes towards phys 
ical and chemical agents is the chief consideration. 
The special qualities which dyes for photographic 
purposes should possess are thus even now very im- 
perfectly realised. There is ample opportunity for 
manufacturers to demonstrate their enterprise in the 
production of new products. These latter, even though 
they may be of no service in the dyeing of fabrics, 
will be assured of securing a considerable demand. 
The consumption of them may not be comparable 
with that of the substances employed in dyeing, but 
their relative high price should compensate in a meas- 
ure for the lesser scale on which they are used, and 
should lead to the establishment of an interesting 
branch of dye manufacture. 


Estimation of Injurious Dust in Mine Air By 
the Kotze Konimeter 


THE gravimetric results obtained by the sugar-tube 
method hitherto employed are misleading in the absence 
of efficient means for eliminating non-injurious dust, i. ¢., 
particles of greater diameter than 5 microns, since the 
weight of the deposit is largely that of the coarser con- 
stituents. In the konimeter method a known quantity 
of the air is caused to impinge at a high velocity (30 to 120 
meters per second), from a fine nozzle (0.6 to 1.0 mm. in 
diameter), on to the surface of a glass slide which is 
thinly coated with vaseline, and in the dust spot s0 
obtained separate counts are made of the particles of 
larger and smaller diameter than 5 microns, the latter 
constituting ‘‘injurious dust” from the miners’ phthisis 
standpoint. 

Briefly, the apparatus consists of a smal] suction 
pump the piston of which is actuated by a spiral spring 
and contained in a cylinder of such dimensions that, on 
release of the spring by means of a trigger, the piston 
displaces exactly 5 cc. This quantity of air is drawn 
rapidly through the nozzle and impinges on the vase- 
lined plate before passing into the cylinder. The con- 


cordance of the results obtainable with the kcnimeter, 
and the misleading character of the indications afforded 
by the gravimetric method, are shown in micrographic 
other data relating to a series of 36 tests.—Note in J. Soc. 
Chem. Ind. on a paper by J. Innes in J. Chem. Met. Min. 
Soc., S. Africa. 
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The Dangers of Explosion* 
With Inflammable Liquids and Vapors 
By W. Payman 

Tie danger of explosion due to the ignition of mix- 
tures of inflammable vapors and air is present in many 
comiion industrial occupations. It is important that 
the -xtent of this danger should be realised so that 
necessary precautions may be taken when handling 
or using liquids, such, for example, as benzol and 
gasoline, Which yield inflammable vapors. The exact 
determination of the factors which decide the liabil- 
ity of a given liquid to give explosive mixtures pre- 
sents a number of experimental difficulties and per- 
haps for this reason, has not attracted many investi- 
gators; but some information of value to technical 
chemists may be found scattered in chemical literature. 

The nature of the danger to be apprehended during 
the use of inflammable liquids will depend upon the 
process or processes being employed. These may be 
divided roughly into three classes: 

(1) Processes in which the liquids are used for crys- 
tallisation, precipitation, or as solvent media, or where 
they are being chemically treated as in sulphonation 
and nitration. 

(2) Processes carried out in drying stoves or rooms, 
heated externally or by hot air blast, in order to re- 
move the liquids from finished chemical products, with 
or without the subsequent recovery of the vapors by 
condensation or washing. 

(3) Storage of liquids in tanks, and their transfer 
therefrom to plant or containers. 

Throughout all such operations the danger arising 
from accidental leakage must also be taken into ac- 
count. 

The two most important criteria for judging the lia- 
bility of a given liquid to produce dangerous condi- 
tions are: 

(1) The volatility of the liquid. 

(2) The range of explosion of the 
mixed with air. 

Each inflammable vapor has a definite range of 
explosibility when mixed with air. Mixtures contain- 
ing less than a certain percentage of vapor, known 
as the lower limit of inflammability, will not allow 
the continued propagation of flame, though a source 
of heat of sufficient intensity may cause a local igni- 
tion. If the percentage of vapor be increased, a point, 
called the upper limit of inflammability, is at last 
reached when the mixture is again incapable of propa- 
gating flame, and no mixture containing a greater per- 
centage of vapor than this upper limit mixture will 
give more than a local inflammation. 

The limits observed experimentally differ slightly 
with different positions of the point of ignition, as 
the flame may be helped or retarded by convection 
currents according to whether it has to pass upwards 
or downwards. For a detailed consideration of the 
experimental determination of the limits of inflamma- 
bility of gas mixtures reference should be made to the 
work of Coward and Brinsley (Trans. Chem. Soc., 1914, 
105, 1859; J.S.C.1., 1914, 33, 851), and Burgess and 
Wheeler (Trans. Chem. Soc., 1914, 105, 2591; J.S.C.L., 
1914, 33, 1194). 

It will be understood that, other things being equal, 
a vapor which gives with air mixtures having wide 
limits of inflammability will be more dangerous than 
one having narrow limits. For example, acetone, with 
a range of 6.15 per cent. (i. e., between 2.35 per cent. 
lower and 8.50 per cent. upper limit of inflammability), 
is more dangerous than benzol, with a range of only 
3.3 per cent. (1.4 to 4.7 per cent.). The appended table 
gives the limits of inflammability of the commoner or- 
ganic solvents as recorded by different observers. 

The vapor pressure of the liquid may be so small at 
the temperature at which it is used as to be incapable 
of forming a lower limit mixture with the surround- 
ing air. On the other hand a highly volatile liquid 
may easily give mixtures which are above the upper 
limit of inflammability. In the latter event it is im- 
portant to note that the full range of inflammable mix- 
tures has to be passed through before the percentage 
of vapor in the air renders the mixture safe; and, 
when this “safe” mixture has been attained, if the 
chamber be opened at any time to the outer atmos- 
phere an explosive mixture would soon be formed by 
the inward diffusion of.additional air. 

From a knowledge of the vapor pressures of an in- 
flammable liquid at different temperatures, coupled 
with a knowledge of its “limits,” we can predict the 
working temperature at which the vapor pressure is 
(1) just sufficient to give a lower limit mixture, and 
(2) just sufficient to give a higher limit mixture. 
What may be termed the lower limit temperature of a 
volatile liquid corresponds in a sense to the “flash 
point” of an oil, though the latter, as determined by 


vapor when 


*Jour. Soc. Chem. Ind. 


the recognised methods, has no absolute meaning, the 
results being only relative. It must be remembered, 
however, that still air does not become saturated with 
a vapor for a considerable time, and so both the cal- 
culated limit temperatures may be lower than those 
actually required in practice to obtain the limiting 
compositions. Again, an increase in temperature 
widens the limits of inflammability, but from analogy 
with experiments with methane-air mixtures (Mason 
and Wheeler, Trans. Chem. Soc., 1918, 113, 45; J.S.C.L, 
1918, 37, 115 a) it is unlikely that this effect will be 
appreciable over the range of normal working tem- 
peratures. 

Two other factors are of importance when consid- 
ering the inflammability of vapors: 

(3) The speed of propagation of the flame in the 
mixtures with air. 

(4) The ease of ignition of the mixtures. 

The speed of propagation of flame is important 
whenever explosive mixtures are liable to be pro- 
duced in long mains, as, for example, with acetone-air 
mixtures during the stoving of cordite (Wheeler and 
Whitaker, Trans. Chem. Soc., 1917, 111, 267; J.S.C.L, 
1917, 36, 587). It should be noted that the speed of 
the flame in mixtures of a given vapor with air varies 
with the vapor content, being at a maximum when the 
percentage of vapor lies about midway between the 
limits, and falling rapidly as the limiitng compositions 
are reached. 

When considering the prevention of explosions, care- 
ful attention must be paid to the possibility of ignition 
of vapor-air mixtures by mechanical means, due to 
faulty or normal working of machinery in contact with 
the vapors. Sparks caused by grinding of ill-fitting 
parts, or the overheating of bearings due perhaps to 
similar causes, may be mentioned as possible sources 
of ignition. Unfortunately very little information is 
available on this point. Its importance has long been 
realised by mining engineers, but they have only ex- 
amined the special tools and machinery used in coal 
mining to see whether sparks caused in operation 
would be powerful enough to ignite mixtures of fire- 
damp an dair. (Compare, for example, Meyer, Oesterr. 
Z. f. Berg- u. Hiittenwesen, 1886, 34, 379.) 

The prevention of explosions during storage and 
transference of inflammable liquids has perhaps re- 
ceived most attention. It will be readily understood 
that the use of compressed air for moving inflammable 
liquids from vessel to vessel is attended with great 
danger. In its place compressed flue gas, nitrogen, 
carbon dioxide or other “inert” gas may be used with 
advantage, as the risk of explosion is no longer pres- 
ent if there be insufficient oxygen in the atmosphere in 
contact with the liquid. In this connexion reference 
may be made to some work by Burgess and Wheeler 
(Trans. Chem. Soc., 1914, 105, 2598; J.S.C.L., 1914, 33, 
1194), which showed that if the oxygen content of the 
air was reduced below 13.25 per cent. no mixture of 
methane with such an atmosphere was capable of 
propagating flame. The same point, and also the 
effect of added carbon dioxide, has been studied by 
Clement (U.S.A. Bureau of Mines, Tech. Paper 43, 
1913; J.S.C.L, 1918, 32, 1149). This use of inert gas 
was first suggested by Bunte, and finds application In 
the patents of Martini and Hiineke (Ger. Pats. 146161, 
149086, 150712 and 153703; see J.S.C.1., 1910, 29, 547) 
and others dealing with the safe transfer and storage 
of inflammable liquids. The addition of carbon tetra- 
chloride, used largely in fire extinguishers, has been 
suggested by many authors as a means of rendering 
liquids non-inflammable, but according to Pfister (Z. 
angew. Chem., 1905, 21, 1786) the quantity required to 
be thoroughly effective is far greater than the volume 
of liquid treated. 

Methods of extinguishing burning liquids are dis- 
cussed by Burrell (U. S. A. Bureau of Mines, Tech. 
Paper 127, 1915), who also describes the precautions 
necessary in handling inflammable liquids. 


TABLE. 
Cc Te 
Lower Upper | _Corre- 
Substance imit |SPonding, spond 
limit limit | 
°C % °C 
1*4 -§ | 47 5 
1-4 7 | 47 | 30 
Ethyi Alcohol... ... 4-0 15 13°6" | 35 
Methyl Alcohol 13 13°0 
Ethyl Ether .. ...| 18 5-2 | 
| 
Carbon Bisuiphide..| 41 — | — 
Petroleum Benzine...| 171 | — — 
Gasoline .. ... st | — 5°3t — 
1°35§ | Below 0 4°50§ Below 0 


In general, the precautions to be taken to prevent 
explosions will depend upon the individual process, 
but enough will have been said to indicate the-feeters 
to be considered in devising suitable methods. 


The limits of inflammability are expressed in per- 
centages by volume, and refer to the downward prop- 
agation of flame. Unless otherwise stated the determi- 
nations are by Kubierschky (Z. angew. Chem., 1901, 
14, 129; J.S.C.L, 1901, 20, 345). 

The “Limit Temperatures” have been calculated 
from the vapor pressures recorded in Landolt and 
Bornstein’s Physikalisch-Chemische Tabellen, 1912. 


\The_Anthocyanin Pigments in Plants 

(Continued from page 8) 

studied very recently, thanks to new data regarding 
the nitochondria and the plasts. 

There is a tendency today to believe that the great 
majority of the products elaborated by the plant cell, 
particularly chlorophyll, starch, the pigments, the 
“metachromatic corpuscles,” are due to the activity of 
special “organites,” the “mitochondria,” which are 
comparable at all points to the organites of the same 
name which have long been known in the animal cell. 
These are true “electosomes” whose function it is to 
select certain materials proceeding from the activity 
of the cytoplasm. These mitochondria can be nothing 
other than the figuring of the differentiation of the 
plasts studied by W. Schimper. Contemporary cytolo- 
gists, among whom Guilliermond deserves special men- 
tion, have had the good fortune to recognize a stage 
anterior to the plast, and have thus made a great step 
forward in the knowledge of cellular differentiation. 
Resaerches of this sort are peculiarly attractive and 
safe because of the fact that the observation of prepa- 
rations, fixed and colored according to special methods, 
is supported by the examination “upon the living” 
which are usually very easy to make. 

If we observe young flowers we are able to perceive 
the presence in certain anthocyanin cells, of granules 
or “rods” the ensemble of which constitutes the chon- 
driome of the cell. They become impregnated “with a 
phenolic compound” which will become anthocyanin 
(soluble pigment), and then these elements will dis- 
solve in the vacuoles, whence, in this manner, the an- 
thocyanin will emigrate. 

Let us carry this study a bit farther along the lines 
laid down by Guilliermond and F.. Moreau. Two cases 
present themselves: either the anthocyanin will be 
formed at the expense of a colorless phenolic com- 
pound produced within the mitochondria and dissolved 
in the vacuoles, or else it will appear immediately In 
the mitochondria. 

This conclusion agrees with that arrived at by R. 
Combes who found, by a method purely chemical, that 
the anthocyanin is either formed in small particles In 
the cell or else results from the transformation of 
colorless phenolic products. 

The colorless phenolic compounds present the same 
micro-chemical reactions as do the anthacyanin pig- 
ments: they turn iron salts black, reduce osmic acid, 
fix methylene blue, and are colored yellow by bichro- 
mate of potash. They are distinguished however by 
the fact that Courtonne’s reagent (neutral solution of 
lead acetate) colors them yellow, while it colors an- 
thocyanin green. To sum the matter up, it results from 
the investigations of Guilliermond (1913-15), and F. 
Moreau (1914), that there are produced in the mito- 
chondria phenolic compounds which may either appear 
immediately in the state of anthocyanic pigments, or 
which may be born in the form of colorless products 
and acquire color later (this colored product sometimes 
even becomes colorless once more); in some cases in- 
deed this colorless product always remains colorless. 
Under the name of anthocyanic products, therefore, it 
is proper to include not only the red, blue or violet pig- 
ments already known under that term, but also the 
colorless compounds whose study is inseparable from 
that of the former. Mirandi, in 1916, also confirmed 
the Mitochondrial origin of the anthocyanin of a Pteri- 
dophyte. 

In works appearing anterior to these researches it 
was the custom to contrast the anthocyanins with the 
other pigment under the name of “soluble pigments”— 
chlorophyll and xanthophyll being always fixed in the 
plasts. The “soluble pigments” are dissolved in the 
cell sap. But as we have just seen the anthocyan also 
exhibits a mitochondrial or plastidary origin, ‘and the 
state of solution in the cell sap of the vacuoles repre- 
sents merely the final stage in the evolution of the 
pigment. 

To complete the history of the evolution of’ antho- 
cyanin in the cell it should be pointed out that its con- 
centration in the cell sap may become so great that 
the pigment will separate out in either an amorphous 
or a crystalline form; this separation is easily obtainea 
in vitro. In 1906 Gertz compiled a long list of exam- 
ples from various sources, especially Courchet, Molisch, 
ete. Finally, when the tissues die or become lignified, 
4t may occur that the anthocyanin will be observed by 
the cellular wall and color it. 
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Courtesy Untversity Museum, 


Chief of the the Macoas, with his two wives and families 


Courtesy University Museum, 


Philadelphia 
Macoas bringing in materials to build the author’s hut 


The Macoa Indians of Venezuela—lI 
An Expedition Among a Little Known but Ancient Race 


For many years past the Motilone Indians of Vene- 
zuela and Colombia have presented an ethnological 
problem to students of the aboriginal races of South 
America which was all the more baffling in that the 
local reports of these aborigines were contradictory 
to the extreme. In consequence, I considered myself 
especially fortunate when the American Geographical 
Society made an expedition to the PerijA Mountains 
where certain subtribes of the Motilones have their 
habitats, possible. In addition to making a geograph- 
ical reconnaissance of this unexplored mountain range, 
I was commissioned by the University Museum of 
Philadelphia to collect all ethnological 


By Theodoor De Booy 


And since 1530 history has repeated itself ofttimes. 
The early settlers on both sides of the Sierra de Perija 
have succeeded in driving the Motilones to the interior 
of the mountains but have failed to crush the indom- 
itable spirit of this unconquered race. The cost has 
been heavy, to the settlers as well as to the Indians. 
Possibly the toll of the settlers has been heavier than 
that of the Motilones, as the latter are adept at fight- 
ing from an ambush. 

The first intimation of the presence of Indians which 
a wanderer into Motilone territory generally receives 
is that of a shower of arrows. On the other hand, it 


is not uncommon to hear of expeditions that have been 
organized simply in order to kill as many Indians as 
possible. 

In this particular the Colombians have been espe- 
cially active, and for the credit of the Venezuelans it 
must be said that they have left the Motilones abso- 
lutely alone during the last two decades, as long as 
the aborigines remained within the confines of their 
recognised domain. As a direct consequence of the 
retreat of the Motilones to their mountains, our 
knowledge of these Indians has been mainly derived 
from the early historians and from legendary ac- 
counts. Of the latter the most common- 


data and specimens that could be pro- 
cured from the Indians, It is for the 
reader to judge in how far this survey of 
the region and of its inhabitants was a 
success, 

The Motilone Indians originally inhab- 
ited the western and eastern slopes of 
the Sierra de Perijd. This range is a 
northern continuation of the Andes and 
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ly believed is that the Motilones are so- 
called “white Indians.” This idea origi- 
nated from the fact that about the year 
1880 a punitive expedition to the Moti- 
lone territory in Venezuela resulted in 
the capture of three Indians, one of whom 
happened to be an albino who subse 
quently lived for a number of years as 
12 a captive in the town of Maracaibo. It 


7! 


in this region serves as the natural 
boundary between the northern parts of 


Since the days of the Conquest, the Mo- 
tilones have invariably been mentioned in 
historical accounts as being extremely 
ferocious and as allowing no invasion of 
their domains. One cartographer has 
even gone so far as to insert on his map 
showing the distribution of the native 
races of Venezuela that the Motilones ele. 
are “the worst Indians that exist.” An 
ethnologist states that “to meet a Moti- 
lone face to face means to kill or to be 
killed.” In fact, whenever the Motilones 
are mentioned, one is prepared to read of 
massacres, raids and unexpected attacks. 

A critical study of the situation how- 
ever, reveals a fact which is but too often 
lost sight of. This is that the Motilones 
appear to have every reason to discour- 
age settlers in close proximity to their 
territory. As early as 1530 the Motilones 
learned of the treatment they might look 
forward to from the Spaniards, when 
Ambrosio Alfinger led an expedition from 
Venezuela to Colombia over the Perija 
Mountains, and made use of the Indian 
tribes met on the way for the transpor- 
tation of his baggage and his loot. Not 
only did this adventurer regard the In- 
dians as mere beasts of burden, but he 
furthermore did not hesitate to collect all 
their gold ornaments, such as nose rings, 
amulets and breastplates. The defense 
set up by the Motilones against the in- 
vaders was of but small avail, as the 
bows and arrows of the aborigines were 
of little use against the Spaniards. 


Me) Cog? 


may be added that albinos are frequently 
found among Indian races, and that of 
course the presence of one albino, or even 
of several albinos, does not warrant one 
to speak of “white Indians.” 

In order to clear up the mystery of the 
Motilone Indians I decided to appreach 
their settlements from the Vevezuelan 
side, as I imagined that my reception 
might be kindlier in the regiou where the 
aborigines had been less molested than 
if I ascended the Colombian slopes of the 
Sierra de Perija, where the Motilones 
live nearer to the white settlements aud 
in consequence are more suspicious of 
intrusion. To get to the foot of the east- 
ern slopes of the Sierra de Perija it was 
necessary to first reach the city of Mara- 
caibo on the lake of the same name and 
to then cross the great Maracaibo low- 
lands in a southwesterly direction until 
arriving at the mountains. In Maracai- 
bo the expedition was provided with let- 
ters from the Venezuelan Government, 
which had taken an active und a kindly 
interest in the undertaking. These let- 
ters called upon the local officials of the 
regions I might visit to provide me with 


all aid in their power. The treatment 
accorded to members of scientific expedi- 
tions in Venezuela is a strong contrast 
to that meted out in the majority of Span- 
ish-American countries, and in our case 
especially went far towards making 2 
success of our work. I cannot be suffi- 
ciently grateful to the Venezuelan au- 
thorities for the courtesy shown me. 

My first headquarters were at the set- 


tlement of La MHorqueta under the 
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shadow of Perijd range. Here is found a station 
of the Caribbean Petroleum Company, a Philadelphia 
corporation which is exploiting the petroleum fields 
of the Perija lowlands. The hospitality shown me by 
the local representatives of this company was a great 
boon in a region where hotels and inns are non-exist- 
ent; furthermore, the aid given me in the way of 
loaning me horses and pack animals was invaluable. 

From La Horqueta I was obliged to go to the town 
of Machiques which is the last settlement to the south 
in Perija district. The Venezuelans do not venture far 
southward from this town which has about 2,000 in- 
habitants, as the presence of various subtribes of the 
Motilones makes the settling of outlying districts im- 
possible. Nor do the Venezuelans venture to the west- 
ward where the Sierra de Perija forms an unsurmount- 
able barrier between the Maracaibo lowlands of Vene- 
zuela and the valley of Upar of Colombia. It was not 
until after I reached Machiques that I could obtain 
more definite information regarding the tribes I hoped 
to visit. Not only was the information more definite, 
but the commonly expressed opinion appeared to be, 
firstly that a penetration of the Indian region was 
impossible and secondly that swift death awaited any- 
one who might be sufficiently venturesome to attempt 
the experiment. I can happily affirm that these gloomy 
forebodings were not realised. 

In Machiques I was finally fortunate in meeting 
the owner of a cattle farm situated some two hours’ 
ride to the westward from the town at the foot of 
the first range of mountains. This gentleman in- 
formed me that his estate was occasionally visited by 
some Tucucu Indians who were living, as outcasts 
from their own tribe, among the Macoa Indians whose 
domain was in the interior of the Sierra on the head- 
waters of the Macoita River. It should be stated that 
the name Motilone is the generic term for all Indians 
from the Rio de Oro in the south to the Montes de 
Oca, the northern continuation of the PerijA Moun- 
tains, and that the Motilones are subdivided in various 
tribes which take their names from the rivers of which 
they frequent the headwaters. Thus, the local Vene- 
zuelans speak of the Macoas, the Tucucus, the Yasa, 
the Rio Negros, the Irapenos and the Pariris, names 
which are unfamiliar to the Indians themselves and 
which are only used by the Venezuelans in default of 
a better classification. The Venezuelans are of course 
unacquainted with the regions inhabited by these va- 
rious subtribes, but have obtained some small amount 
of information regarding the Indians and their habi- 
tats from the occasional aborigines who, after many 
precautions, have come to the foot of the mountains to 
trade for much-needed iron from which to fashion 
their arrow points. So it was with the Tucucus which 
sometimes visited the cattle estate of Mr. Garcia of 
Machiques. For a number of years it had been the 
habit of these Indians to occasionally descend to the 
farm and to perform such tasks as the clearing of for- 
est land in exchange for ironmongery in the shape of 
hoop-iron, cutlasses, axes and cooking pots. Mr. Gar- 
cia informed me that the Tucucus would never spend 
the night in any of his buildings from fear of capture 
and also that they would never leave the confines of 
his estate to visit the town of Machiques. He added 
that while he apparently enjoyed the confidence of 
the Indians, he was never certain how long their visit 
would last. They would slip away in the night and 
perhaps not show up again for another year when they 
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were once more in need of material from which to 
make their” arrow points. Luckily it so happened 
that during the time of my visit to Machiques that 
several of the Tucucus were working on the estate. I 
lost no time in accompanying Mr. Garcia to his farm 
and in getting into conversation with the Tucucus. 
Several of these Indians spoke a little Spanish which 
they had learned during their visits to the farm, and 
as a result, with the aid of Mr. Garcia, It was not 
hard to explain to the Indians that I was desirous of 
accompanying them to the Macoa settlement in the 
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Sierra Perija, seen from near La Villa 
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Interior mountains of the Sierra Perija, looking 
westward from the second range 


interior and to take up my abode with the Macoas. 
It was far harder to make the Tucucus understand that 
I was willing to go alone with them, stipulating only 
that I be allowed to take one Venezuelan servant as 
my companion. At last, after several pow-wows and 
after receiving various gifts of beads and cotton-goods, 
the Tucucus were induced to leave that very evening 
for the Macoa settlement in order to obtain permission 
from the chief of the Macoas to have me visit the in- 
terior of the mountains. 

The Tucucus returned after about a week with the 
welcome news that the “white stranger” was permitted 
to come to the domain of the Macoas. In the mean- 
time, after considerable difficulty, I had finally secured 
a Venezuelan who was willing to undertake the trip 
with me despite the remonstrations of his family and 


Primitive shelter hut used by the Macoa Indians 


ot his friends, who assured him he was going to cer- 
tain death. Gloomy farewells were bidden us in 
Machiques, and even Mr. Garcia himself, with his su- 
perior knowledge of the Indians, appeared somewhat 
doubtful as to the wisdom of our leaving for the in- 
terior. My baggage, done up in canvas bags, was 
transported to the cattle-farm and loaded upon the 
capable shoulders of the Tucucus. A last wave of the 
hand to Mr. Garcia and we were off to solve the mys- 
teries of the mysterious Sierra de Perija, and the even 
more mysterious Motilone Indians. 

There was no trail for the first part of the journey 
and we simply followed the bed of the Aponcito, an 
impetuous little stream that originates in the interior 
of the PerijA mountains. As the Tucucus explained it 
to us, the lack of a trail was due to their unwilling- 
ness to have the inhabitants of the lowlands know of 
a path by which to enter the regions inhabited by the 
Indians. Furthermore, the tribes of the interior of 
the Sierra de Perija are in constant warfare with each 
other and do all they can to make their habitats un- 
approachable. It was not until a considerable distance 
up the Aponcito that we at last branched off into the 
dense forests which clad the mountain slopes. Here 
au semblance of a trail could be perceived by one fa- 
miliar with Indian haunts and Indian life. And such 
a trail! First ascending a precipitous slope to an alti- 
tude of perhaps 5,000 feet, then down into a steep-sided 
valley where every step meant a possible fall into a 
hair-raising abyss. At times skirting rocks that raised 
themselves as grim buttresses and appeared to defy 
further progress, at other times continuing along the 
knife-like ridge of a mountain where on either side the 
precipice spelt disaster to the unwary. Our Tucucus, 
from lifelong association were apparently unmindful of 
danger and made surprising progress over the trail 
despite the fact that our baggage weighed not a little. 
The “white stranger” suffered intensely although his 
loud was restricted merely to a camera and an aneroid 
barometer, 

After climbing and descending all day, the Tucucus 
finally decided to make camp for the night. We were 
still about a half day’s journey from the Macoas, and 
my anticipation of at last sighting an unknown race 
was becoming tinged with somewhat unpleasant fears 
of what the unknown race would do when it sighted 
me. The making of camp was no onerous task, and 
consisted of cutting a few sticks, thatching these with 
large leaves and then spending the night on the ground 
under the rude shelter. I had succeeded in shooting a 
curassow during the upward journey, which served as 
the principal dish of the evening. 

The continuation of our journey next morning was 
but a repetition of that of the previous day. About 
noon we were on a mountaintop which enabled us to 
catch our first glimpse of the agricultural clearings of 
the Macoas. Shortly after this our bearers began to 
notify the Macoas of our imminent arrival by shouting 
from the slope we were descending. It seemed to us 
almost directly after this that we arrived at the first 
Macoa hut. 

Now came the crucial moment. Would the Macoas 
live up to their promise that I be allowed to visit their 
settlement and to spend a month or two with them, or 
would they go back on their word and show their dis- 
pleasure in a forcible manner? My mind was soon set 
at rest when the first Macoas emreged from their huts 
and from the surrounding undergrowth with every ap- 
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pearance of curiosity, and without the slightest indi- 
cation of hostility. The curiosity with which | was 
examined was only exceeded by the Curiosity with 
which I examined my Indian hosts. Within a very 
brief period the entire Macoa tribe had gathered 
around the Tucucu bearers and myself, and it ap- 
peared as if the Indians would never tire of touching 
my hands, my clothes and my baggage, the while ex- 
claiming loudly whenever anything struck them as 
being especially out of the ordinary. ‘To this, 1 nat- 
urally submitted with good grace, even though it was 
rather trying. The chief appeared at last. He was 
undistinguishable from the other Macoas in dress or 
in appearance, and | was struck by the fact that his 
subjects paid but secant attention to his commands 
and desires. In fact, the only difference between the 
chief and the other Macoas was that the chief had 
two wives and twice as many children, while his sub- 
jects had to remain content with but one helpmate. 

We continued further along the trail until we finally 
came to a fairly large clearing upon a small, level hill- 
top. Apparently the lInodians had decided that this 
wus to be the site of my abode. That same afternoon, 
all hands started to work on a hut. The children and 
the women busied themselves removing the underbrush 
and the weeds, until at last the hilltop was devoid of 
vegetation. In the meantime various Macoas had taken 
to the woods where they procured large posts for the 
building of the skeleton of my house, Others had left 
for more distant parts to collect palm leaves and rope- 
like vines, the former to serve for the thatching of the 
roof and the latter to take the place of ropes in binding 
the roof poles and supports. ‘That evening the frame- 
work of the hut was finished, and on the evening of 
the second day, the entire building was completed. My 
house was abvut 24 feet long, 14 feet wide and 12 feet 
high. It was more than four times the size of the 
Macoa dwelling, undoubtedly a concession to the larger 
dimensions of the “white stranger’ who overtopped the 
Indians by many inches. 

After moving myself and my belongings into the new 
hut the real ethnological work started. This consisted 
not only of forming a collection of all objects used and 
manufactured by the aborigines, but meant further- 
more the compiling of a vocabulary of the Macoa lan- 
guage, the photographing of the Indians while engaged 
in their various handicrafts and the studying of their 
customs. As the various subtribes of the Motilones 
all speak the same language, and have the same cus- 
toms, the study of the Macous served for the study of 
the entire race, and the vocabulary I finally compiled 
will be as useful among the Venezuelan Motilones as it 
will be among those that inhabit the Colombian slopes 
of the Sierra de Perija. 

An ethnologist is always rather uncertain and ner- 
vous as to how the Indians will take to being photo- 
graphed. Instances are not uncommon where the abo- 
rigines have resented forcibly when an attempt was 
made to point the camera in their direction. In con- 
sequence I evolved the scheme of having my Venezue- 
lan companion pose while I pointed the camera at him 
and when the Indians perceived that no harm seemed 
to befall the Venezuelan they became anxious to share 
the experiment with him, and to pose for their pic- 
tures also. Before long 1 had taken numbers of pho- 
tographs which, on account of the damp climatic con- 
ditions, were promptly developed. Then the fun 
started! lKvery act of mine while developing the rolls 
of film was regarded with great awe by practically the 
entire population of the settlement. And when finally 
the rolls were hung up inside the hut in order to dry 
in the breeze, I experienced considerable difficulty in 
preventing the Indians from touching the negatives. 
They apparently had no difficulty in distinguishing the 
various members of the tribe but had great difficulty in 
solving the problem of how white came to show black 
and black came to show white on a negative. 

The Macoa is short and stocky but well built. The 
average height of the men was found to be 5 feet 1 
inch while that of the women was slightly less than 4 
feet 9 inches. They suffer little from disease and die 
from either old age or violence. At constant warfare 
with other tribes, part of the year is spent on the 
warpath. All Motilones are normadic and shift from 
one region to another without the slightest regret at 
abandoning their homes or their agricultural clearings. 
Whenever they think that some other tribe has definite 
knowledge regarding the location of their settlement, 
they simply move their belongings, possibly to some 
point fifty miles away, and build new huts and start 
new produce patches. One might judge from this men- 
tion of intertribal warfare that other tribes besides 
those of the Motilones exist in the interior of the 
Sierra de PerijéA. This however is not the case. The 
mere fact that bloodties exist between two neighboring 
settlements does not restrain the Indians of one vil- 


lage from attempting to surprise the inhabitants of 
another. If they succeed in this, the general practise 
is for the men to be massacred and the women # be 
carried off into slavery. Thus, among the Macoas for 
instance, several of the women originally belonged to 
the Pariri and to the Yasa tribes. Fights in the tribe 
itself are also not uncommon. Only a short while be- 
fore I visited the Macoas, two brothers had a quarrel 
in which the one killed the other. During a hunting 
trip which I later undertook with some of the Indians 
the survivor led me, with an air of great pride, to an 
enormous tree under which was still found his broth- 
er’s skeleton, and an accompanying Tucucu related the 
events of the fight with great gusto. 

(TO BE CONTINUED.) 


Coal Gas for Motor Vehicles in England 

Tue only instance in which compressed gas has been 
regularly used for some years is that of the Neath Cor- 
poration tramways, where the receivers are charged up 
to a pressure of 200 lb. per sq. in., the cost of compres- 
sion working out to less than 5 per cent. of the total 
cost of the gas. At Neath, however, there are facili- 
ties for obtaining a fresh charge at reasonable and con- 
venient intervals, so that conditions are scarcely to be 
compared with those in the metropolitan area. In fact, 
the London General Company find that conditions in 
yveneral call for the employment of a very much greater 
degree of compression than has hitherto been found 
practicable, with the result that their new containers 
are to be charged to a maximum pressure of 1,000 lb. 
per sq. in. 

The extremely high pressure involved has required 
the employment of storage cylinders of special con- 
struction. Two of these cylinders are used on each 
omnibus, being placed one on either side beneath the 
interior seats. The cylinders have each a compressed 
ras capacity of rather more than 600 cu. ft., so that a 
run of 20 miles may be made before recharging becomes 
necessary. The main body of the cylinders, composed 
of copper, is 10 in. in internal diameter and 9 ft. in 
length, while the two ends are formed of circular steel 
plates so fitted as to make a perfectly gas-tight joint 
on a radius formed on the ends of the copper tube. 
The whole is strengthened by six steel stays, which 
pass through the cylinder from end-plate to end-plate, 
and finally the exterior periphery of the cylinder is 
wound with three layers of steel tape 1/16 in. in thick- 
ness. It is pointed out that this principle of construc- 
tion will avoid bulging or sectional fracture, while any 
tendency towards distortion will be in the form of 
elongation, which is provided against by the longitudi- 
nal stays. 

The two cylinders are connected in parallel, by a 
3/8 in. pipe, to a main reducing valve which is a com- 
bination of a cut-out and diaphragm arrangement, and 
by means of this valve the gas pressure is reduced to 
some 2 Ib. per sq. in. The gas then passes through a 
secondary valve into a flexible fabric container which 
operates as an expansion chamber, and practically as a 
governor. For instance, when the fabric chamber Is 
fully extended it actuates a valve spindle which cuts 
oft the supply, the surplus gas passing by way of a by- 
pass into the chamber of the reducing valve, which 
again cuts off the high pressure supply. Conversely, 
once the gas is emitted from the engine control valve 
the fabric chamber contracts and the series of opera- 
tions is reversed so that a further supply is received 
from the containers. The system is particularly com. 
mendable in that it is entirely self-acting and demands 
practically no attention from the driver. The advances 
which have been made in the construction of valves 
for the purpose is shown by the fact that stuffing- 
boxes having proved unreliable have been replaced by 
seals formed by a combination of grease and rubber 
rings inserted beneath the valve body. 

For recharging the London General Company will 
have in operation at their Cricklewood depét a Reavell 
compressor having a capacity of 15,000 cu. ft. an hour. 
This compressor will be coupled to a series of storage 
eylinders of 30,000 cu. ft. capacity, controlled by a 
hydraulic accumulator, which is introduced for the 
purpose of ensuring the maintenance of a constant 
pressure. The whole installation is to be so arranged 
that a number of omnibuses may be recharged simul- 
taneously from a common pipe line. In the earlier 
days of gas traction it will be remembered that the 
opinion prevailed that the engine designed primarily 
for petrol consumption was capable of yielding with 
gas only some 85 per cent. of the maximum power ob- 
tainable with petrol; but it was then pointed out that 
were the engines designed for a higher compression 
the power ratio would compare very closely with that 
given for petrol. This appears to have been corrobo- 
rated by experiments, for in a series of trials with the 
new arrangement it has been shown that the power 


obtained from the engine is equivalent to that obtained 
with petrol. The running figures which have been ob- 
tained are decidedly instructive in that they bear cut 
previous estimates as regards the gas equivalent if 
petrol (in this instance the average relation being 
280 cu. ft. of gas per gallon of spirit), while the aver- 
age saving in cost, which is very considerable at low 
speeds, amounts to rather more than 50 per cent. is 
compared with petrol. The normal consumption of cas 
has been shown to be 35 cu. ft. per mile on a straight 
10-mile journey. 

As in the case of most gas vehicles the London Gen- 
eral omnibuses are fitted with petrol supply arranze- 
ments for use in case of emergency. For this reason 
the ordinary petrol carburettor is retained. The change 
from one fuel to another is easily effected by engaging 
whichever throttle lever it is required to operate. A 
particularly novel feature of the new omnibuses is the 
use of gas instead of electricity for lighting. For this 
purpose a special reducing valve and governor are 
carried, the lighting supply being distributed at a 
pressure of 10 lb. per sq. in. Incandescent mantles are 
employed, and each is enclosed in a small fused silica 
protector. The merit of the system, however, lies in 
the fact that, whereas the usual electric generator in- 
stallation weighs something approaching 3 cwt., the 
necessary apparatus for gas lighting runs to little 
more than 22 lb.—London Times Engineering Supple- 
ment. 


Air Compressor Explosions 


WHILE air compressor explosions occur at rare in- 
tervals, the fact should be emphasized that properly 
operated and properly cared for compressors are as harm- 
less as steam engines. ‘The cause of isolated explosions 
is still a disputed matter, though some phases of the 
question are now generally agreed upon by engineers 
familiar with air compressor practice. In the first 
place, the theory that these explosions are due to the 
use of an oil with a comparatively low flash-point is 
thoroughly discredited, as they occur more frequently 
where a high flash oil is used. In the second place, it is 
generally agreed that the explosion is due to the ac- 
cumulation of carbon deposits in the air lines. This 
deposit in turn is caused by the use of an unsuitable oil, 
which decomposes, or by the use of an excessive amount 
of oil, or by the improper location of the air inlet. The 
belief that the explosion is always produced by the igni- 
tion of a volatile mixture, usually of vaporized oil and 
air, though possibly of coal dust and air, in the air 
tanks or lines, is questionable in view of the fact that the 
small amount of oil volatilized in the air compressor 
cylinder would be insufficient to form an explosive 
mixture with the air, as this volatile matter is con- 
stantly being carried off with the air. It could only be a 
case where a very excessive amount of oil was used, or 
where pockets of oily residue were allowed to collect, 
that a sufficient amount of vaporized oil could collect 
to form with the air an explosive mixture. Even in 
such a case the cause of the explosion would not be the 
vaporized oil, but would be some other factor which 
produced a spark or flash. The probable source of this 
spark is again the carbon deposit, which may be re- 
sponsible for a sufficient increase in temperature, by 
restricting the air passage and thus so increasing the 
pressure as to cause the carbon to become an incandescent 
mass. It is not improbable that in some cases this 
glowing mass of carbon may weaken the tensile strength 
of the air receiver or the air-lines to such an extent that 
they are no longer able to withstand the pressure of the 
air, the result being an explosion.—Lubrication. 


Habits of the Sparrowhawk 


A very able account of the habits of the sparrowhawk 
during the nesting period, by Mr. J. H. Owen, appears in 
British Birds for September. Among other things 
Mr. Owen comments upon the very long time an egg 
takes to hatch after the embryo has chipped the shell. 
Out of eleven eggs kept under observation, six took two 
days to hatch. In another case the hen was seen to 
assist the chick to emerge by breaking away the shell. 
Though the author believes that the cock determines 
the site of the nest, he seems never to take any part in 
incubation, but during this time he hunts for the hen, 
bringing her food to the vicinity of the nest. Though 
more than three hundred victims have been more or less 
certainly identified at such nests, only two were game- 
birds; one of these was a nestling red-legged partridge, 
the other a pheasant, also in down. Although farmyard 
chicks were abundant in the neighborhood of the nests 
under observation, none were ever taken by these birds, 
and this is a point worth noting. Finally, Mr. Owen 


remarks striking differences in the behavior of sparrow- 
hawks when disturbed at the nest, some stealing off 
silently, others leaving with much screaming, the male 
also taking part in such protests.—N ature. 
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The Probable Trend of Aeroplane Design* 
By R. F. Mann 

DouRtneG the last few months I have spent some of the 
time reviewing the present stage in the development 
of aeroplane design with the view of determining what 
changes are likely to occur in the immediate future. 

the system of strutting and bracing biplane wings 
las undergone fewer large modifications than any 
other part of an aeroplane, but nevertheless signs are 
net wanting that considerable changes are likely to 
occur in the near future with the object of reducing 
resistance. Since any considerable improvement in 
streamline sections is very remote, this reduction of 
resistance can only be obtained by reducing the num- 
ber of struts and wires hitherto used. Two interesting 
machines in which attempts had been made to achieve 
this were the S.E. 4 and the Sopwith triplane. In the 
former machine use had been made of the I strut, the 
flying wires being taken from the front of the rear 
spar. The chord of the wings was large, and in conse- 
quence of the travel of the C.P. the stresses in the strut 
were high. In the Sopwith, however, these stresses 
were kept within reasonable limits by employing wings 
of small chord and obtaining the necessary area by 
adding a third wing. Unfortunately, this method is 
only applicable to small machines, so it cannot be re- 
garded as a complete solution of the problem. Two 
other forms of built-up strut have been suggested—the 
V and K. The latter has been employed on a few ma- 
chines turned out by the Curtiss Company, but they 
both have disadvantages which are not shared by the 
KX type. 

(1) Owing to their great side area the range of 
vision of the crew is greatly impaired. 

(2) This side area is unnecessary for stability and 
liable to make the machine uncomfortable to fly in 
a gusty wind. Also it is quite possible that the re- 
sistance and skin friction of such a strut would be 
equal to that of two plain struts and the necessary 
incidence wires. 

All things being considered, the I strut would appear 
to offer the best solution, but how are the high stresses 
in it, caused by the travel of the C.P., to be overcome? 
It is possible to design such a strut with sufficient 
I.S., but a large percentage of the gain due to lessened 
resistance may be lost through added weight. Failing 
the advent of an exceptionally light but strong alloy, 
the only other course is to produce a wing section 
which, without a greatly impaired value for Ky and 
L/D, has a considerably smaller travel of the C.D. 
Naturally, a section with a stationary C.P. would be 
ideal for this purpose, but I fear that the loss in 
efficiency would nullify any other advantage. 

What is required is a satisfactory compromise, and 
it should be attainable if as much research is expended 
on it as there has been in getting the present highly 
efficient sections. 

Similar large changes in the bracing of the wings 
are in sight; in fact, already there is at least on2 
machine in existence—the product of an allied country 
—in which the usual cables or streamline wires have 
been dispensed with and the wireless; truss system 
used instead. See Fig. 1. The advantage of thi: 
system is that there being no flexible tension members, 
vibration, and the consequent increase in resistance is 
overcome. 

This vibration, while not of much importance in 
small machines where the length of the bays is small, 
assumes rather unpleasantly large proporticns in the 
long bays of, say, a bomber. As in the case of the 
lL strut this construction comes out heavier, but as the 
saving in resistance is considerable it is more than 
likely that in the end there is a distinct gain—in 
fact, the performances of the machine mentioned show 
that this is indeed the case. With a satisfactory I 
strut on the one hand and a thoroughly tried out wire- 
less truss system on the other, the next step is a com- 
bination of the two—i. e., a wireless truss constructed 
with I struts. Probably there are people who would 
contend that this is looking too far ahead, and that as 
really large machines are in existence which use the, so 
to speak, old-fashioned system of strutting and brac ng 
with satisfactory results there is no need to consider 
anything else. 

The obvious retort is that there would not be the 
convenient and speedy car of today if our ancestors 
had been satisfied with the pony trap and stage coach. 


FUSELAGE, OR BODY. 


As the shape and general lay-out of the body are 
to a certain extent governed by the type of engine 
employed, it will be as well to devote a few lines to a 
general survey of engines. When looking back over 
the past three years, one is immediately struck by 


*From Flight. 


three facts, which are: (1) the great and continued 
increase in h.p., (2) the growing favor of water cool- 
ing, and (8) that although the Allies employ engines 
of all types—i. e., the vertical Vee, “broad arrow 
Vee,” rotary, &c.—the German designers continue to 
employ the 6-cylinder vertical to the almost entire ex- 
clusion of any other. Admitedly an 8-cylinder vertical 


has been in use recently, but this has now been deleted 
in favor of a 6-cylinder of the same power approxi- 
mately, and although using the number of cylinders 
which are common in Vee type engines the German de- 
signers still stuck to the vertical type. What is the 
reason for this great—almost universal—employment 
by them of the vertical type engine? 

Have considerations of engine or aeroplane design 
weighed most in their decision? Personally, I think 
the latter. A better entry of the body can be obtained 
by using a vertical engine than with any other type, 
and the almost universal employment of “propeller 
pots” by German designers seems to show that they 
have realised and make the utmost use of this fact. 
Although using a narrow engine, their bodies are often 
of quite generous proportions, but performance does 
not appear to suffer. Is it not possible that the shape 
of the nose is of as much importance to resistance us 
the cross sectional area of a body? Again, can such an 
excellent entry be conveniently obtained when using 
an engine of the Vee type? Isn’t the answer to the 
first question—in the words of the politician—in the 
affirmative, and the second in the negative? A fur- 
ther point. When “propeller pots” are a feature of 
body design the distance between the rear of the air- 
screw and the front of the first cylinder can be re- 
duced; a lighter crankshift and crankcase resulting. 
When, however, a flat radiator forms the nose of the 
fuselage it is necessary—in the interests of airscrew 
etliciency—to keep this dimension as large as practica- 
ble, which, of course, entails added weight. 

It might be argued that if this design is so usual 
among German-designed single-engined machines, why 
is it not so often employed for the engine nacelles of 
their twin-engined bombers? 

The probable explanation is that some of their large 
bombers are twin pushers, in which case the use of a 
flat radiator in the nose does not detract from the 
airscrews’ efliciency. Also the conditions governing 
the design of a fuselage and an engine nacelle are not 
the same. A fuselage carries the crew, fuel, oil, tail 
unit, &c., and has, in consequence, to be of fairly gen- 
erous proportions at the largest point, but as this can 
be conveniently situated a little to the rear of the 
engine easy “lines” will suffice to merge this with a 
reasonable size of “pot” on the nose. On the contrary, 
the engine nacelles of multi-engined bombers generally 
have only to cover in the engine, so their cross sectional 
area and length are reduced to the extreme, and the 
prospect of saving any resistance by making the sec- 
tion round or oval with a “propeller pot” in front is 
extremely remote. 

The success the German designers have achieved 
with semi-monocoque bodies is of as much interest and 
warrants as much attention as the subject just dealt 
with—viz., the actual shape of the nose considered in 
conjunction with the type of engine employed. The 
true monocoque body was introduced with success on 
special racing machines about five years ago, but the 
high manufacturing costs prevented it coming into 
general use, although its good aerodynamical qualities 
were fully realised. Another advantage this system 
of body construction has over the more common wire 
braced body is that it is less vulnerable to the effects 
of bullets, owing to there being no vital parts—such 
as wires and struts—liable to damage. Also there is 
no risk of a strip of the fabric covering the body being 
ripped up by a bullet and wrapping itself round the 
control cables. 

Some of these objections were overcome by substi- 
tuting the wire bracing by sheets of plywood screwed 
to the struts and longerons, thereby combining a strong 
bracing with an unrippable covering. This type of 
body construction has been very popular with German 
designers for some years past, and was only modified 
when higher speeds demanded a body of less resistance 
than that offered by one of rectangular section, so 
while retaining the old system of construction, but 
replacing the flat sides with curved ones resulted in the 
formation of the low resistance, oval section, semi- 
monocoque body employed on Albatros scouts and two- 
seaters, during the past year. While on the subject of 
bodies it will be well to consider the requirements in 


this direction of a new type of machine which has come 
into prominence lately—i. e., the Flying Tank. 

The duties of this machine are to co-operate with 
the attacking infantry by harassing with machine 
sun fire all enemy troops in the neighborhood, As this 
entails flying at a low altitude armoring is essential 
to protect the vital parts, such as the engine, tanks, 
crew, &¢., from the heavy and concentrated fire of the 
enemy with rifles and machine guns. During 1914 a 
French firm produced a very interesting armored mon- 
ocoque body, in which the fore part was of sheet steel 
as far as the rear of the gunner’s cockpit, thus pro- 
tecting the vital parts already mentioned. From this 
point to the tail the pure monocoque type of construc- 
tion was employed. Although this body fulfilled all re- 
quirements of strength, low resistance, lessened risk 
of fire and protection of the vital parts, it was not 
adopted owing to the reduction of climbing speed due 
to the extra wieght. This objection does not apply to 
a Flying Tank, because excessive rate of climb is not 
required. 

The employment of a circular section body for this 
type of machine where low resistance is not of primary 
importance may appear to be unnecessary, but as it 
is quite probable that a round section body would 
deflect bullets which could easily penetrate a flat 
sided one, it will be seen that its employment with this 
type of machine is of as much value as in the case 
of ordinary scouts and two-seaters. 

CONTROLLING SURFACES. 

There are points in the design of controlling sur- 
faces which it will be of interest to deal with, and one 
of these is the rapidly-growing practice of balancing—; 
or, more correctly, partially balancing—not only the 
rudder, but also the ailerons and elevators on small, as 
well as on large machines. There can be little doubt 
that this practice has come to stay, in fact the won- 
der is that it has been so long coming, for by its 
adoption the stress on the pilot and controls is greatly 
reduced. A small point, but one of certain importance, 
is the placing of all control cables inside the body, 
where the risk of damage by flying splinters of shell is 
considerably reduced. Also by not being exposed to 
the elements there is less risk of rust and consequent 
deterioration, Admittedly these cables are _ kept 
greased, but is it not possible for some of this to be 
acidentally rubbed off and the machine make a long 
flight in the rain before this can be replaced? Once 
damp has penetrated to the core of a cable grease will 
not fetch it out. Except for the protection from shell 
splinters, the same arguments apply to running the 
aileron controls through the wings, and in both cases 
there is a small, but not negligible, saving of resistance. 

There are many more interesting points to consider, 
but as space is limited it will be necessary to deal with 
the most important very briefly. Undercarriages have 
undergone many extensive changes in the past, and the 
number of types produced during the last ten years 
must be legion. Although some were very ingenious, 
those of low resistance, simplicity and lightness have 
been most popular. The type which satisfies these re- 
quirements best is that composed of two Vees of wood 
or steel tube with the axle slung from the apex by 
rubber cord, and its use has been almost universal dur- 
ing the last year or two on all except large machines. 
It is difficult to see how the low resistance, simplicity 
and lightness of this type can be improved upon, so one 
is forced to the conclusion that any further improve- 
ment lies in the direction of an undercarriage capa- 
ble of being drawn into the fuselage when the machine 
is flying. 


Eradicating the Barberry 

THE campaign to eradicate the common barberry, 
which was started by the United States Department of 
Agriculture last spring, has already met with gratifying 
results. The common barberry harbors the black rust 
of wheat, oats, barley and rye, a disease which causes 
enormous losses in this country. In certain European 
countries it has been demonstrated that the eradication 
of the barberry has resulted in a marked decrease in 
the amount of damage caused by this disease. In central 
and northwestern states where the campaign is being 
conducted, public sentiment has been aroused. Nursery- 
men for the most part have agreed to discontinue dis- 
tributing common barberry bushes. Park boards in 
many cities have eradicated them. State nursery in- 
spectors and state entomologists are destroying the 
bushes wherever stem rust infection is found. Several 
state councils of defense have issued appeals for the 
eradication of this barberry, and the public safety com- 
mission of Minnesota has issued an order providing for 
compulsory eradication in that state. The Japanese 
barberry does not come under the ban, as it does not 
harbor the rust.—Jour. N. Y. Botanical Garden. 
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A Pitched Baseball 


The Rationale of Its Seeming ‘‘Freaks’’ 


In front of every pitched ball is an air cushion that 
covers its entire forward hemisphere, as H in Fig. 1. 
The shape of that cushion is somewhere between a 
hemisphere and a cone. Its outside is probably some- 
what like husks on corn, thin layers of air each slip- 
ping a little faster than the one inside of itself. The 
cushion is cumulative, it grows and packs for a time 
utter the ball is launched. Time, not distance, seems 
to be the determining factor in that growth. It ap- 
parently reaches its maximum on a slow ball at about 
35 feet, and on a fast ball at about 55 feet. 

Let us assume that the air is perfectly still except 
as disturbed by the ball. Let us assume that the air 
cushion H is separated from the still air which it dis- 
places by sharp lines, as OH’ and OH” in Fig. 1. The 
principles involved will give the same re- 
sults whether it be such straight lines 
or a series of husk like layers. Let us 


ion as still air regardless of the motion 
it has due to its displacement. In the 
illustrations there is no attempt to give 
actual sizes, shapes or proportions to 
these cushions. The principles involved 
permit of wide variations in these details. 


P' 
refer to the air just outside of this cush- i<. 


By Willard W. Griffin 


thrown that it has no rotary motion whatever. It 
therefore has but one cushion, and that one is the 
largest possible for a ball of that size and speed to 
carry. The larger the cushion the greater the inertia 
resistance of the still air displaced, and therefore the 
greater the density of the cushion. Since the distance 
H’OH” is greater than the distance gkf, and since the 
resistance of cushion H must be the same against each 
it follows that the density of H increases from its face 
H’'OH" to its base gkf. It is therefore a magnifying lens. 
And the still air that H is displacing is denser along 
H’OH” than it is farther out, so it too helps magnify the 
ball. Just as a fish seen through the side of a globe 
containing water is magnified, so the ball seen through 
the front of this cushion is magnified. 


In every case where the ball rotates 
rapidly, except where the axis of rotation 
coincides with the line of initial direc- 
tion of the ball, there is a second cushion 
(1 in Fig. 2) between the base of the 
cushion H and the ball. In the excepted 
case (where the ball rotates like a rifle 
ball) it is probable that the whole cush- 
ion spins with the ball, and bores into 
the still air which it displaces. This 
would increase the friction of the cushion 
on the still air, which aided by centrifugal force would 
keep the cushion at its minimum size. This would give 
the slowest possible deceleration of the ball. 

The deceleration of the ball is caused mostly by the 
inertia resistance of the displaced air. The still air 
is pushed forward and out in a manner roughly illus- 
trated in Fig. 1, by the points p and t, forced in curved 
lines to p’ and t’ respectively. The deceleration due 
to friction is slight; it is the friction of the still air 
Is and A on H along the lines of least resistance which 
are arbitrarily represented by OH’ and OH” in Fig. 1. 
The inertia of the still air causes a condensing of the 
air just ahead of the ball. The denser the air the 
greater the friction between its particles. The greater 
the friction from condensation the farther from the 
ball will be the lines of least friction 
which determine the size and shape of 
the cushion. As it grows bigger it 
grows denser; as it grows denser it will 
grow larger, hence the time element in 
its growth. The faster the ball travels 
the denser and therefore the larger will 
be the cushion H. But after some cer- 
tain point in speed each added unit of 
speed will result in a smaller increment 
to cushion H than the preceding unit of 
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Fig. 1 


A batter judges the location and the speed of a ball 
by a combination of things. The sort of swing used by 
the pitcher in throwing the ball gives him his initial 
impression of the ball’s probable speed. The proxim- 
ity of the ball he determines by its apparent size and 
distinctness. And because it, in case of the “floater,” 
approaches him most of the way on about a level with 
his eyes, he is compelled to make his final determina- 
tion of the ball’s speed by the rapidity of the increase 
of its apparent size and distinctness. In delivering a 
“floater,” the pitcher uses a motion indicative of 
greater speed than the ball is given. That starts the 
batter on the wrong track. Because it is not rotating 
it appears more distinct than ordinary balls, and that 
gives the impression that it is closer than it is, which 


Vv 


speed caused. There is then some point 
in speed beyond which an added unit of 
speed will produce so small an increment 
to H as to be negligible. I doubt if even 
the speediest pitchers have yet reached 
that point. It is safe to assume that for 
every increase in the speed of a pitched 
ball there will be an appreciable Increase 
in both the size and density of cushion H. 
The increase in density will probably be 
proportional to the increase in speed for 
all speeds. 

The sizes, shapes and combinations of these cushions, 
I and H, are to a considerable extent subject to the 
pitcher’s manipulation. And upon such variations in 
these cushions, depends every so-called “freak” of the 
pitched ball. 

Of all the balls thrown, the “floater” is the most 
astonishing and the most mystifying; not because it is 
the hardest to hit, for a good batter soon learns to 
hit it, but because it appears to do a thing the doing 
of which would be a miracle. To the batter the ball 
appears to be coming swiftly until it gets within a few 
feet of him, there it seems to hesitate for an instant 
then it comes on past him at full speed again. This 
is of course an optical illusion, and it is entirely due 
to the air cushion, H in Fig. 1. The “floater” is so 


Fig. 2 


fits in with the pitcher’s exaggerated delivery. By the 
time the ball is two-thirds of the way to the batter, 
it is considerably magnified; this also adds to the 
deception. From there on the increasing cushion, be- 
cause increasing its magnifying power every foot, 
continues and increases the deception of greater seem- 
ing speed than is true. Add to this the greater decel- 
eration of the ball due to the large and increasing air 
cushion and we have the conditions which make this 
ball appear to be where it is not. It appears closer 
than it is and also appears to be coming faster than it 
is. When the ball passes the batter, he sees it from 
the side, and therefore sees it where it is. The mental 
readjustment due to the sudden substitution of the real 
conditions for the illusory ones is a distinct shock. 


As the “floater” approaches, the uninitiated batter 
swings at what looks like the easiest ball in the world 
to hit; but the ball seems to hang back till his clul 
passes the place where the ball ought to have been, 
then the ball flits by just where he struck at it. The 
time it took the ball to come from where it actually 
was when he struck at it to the place where it seemed 
to be then is the lost time that he can account for in 
no way but by the ball’s actually slowing down and 
then increasing its speed again. An observer off to 
the side will see the ball as it really goes, in a con 
tinuous and uniform flight. 

A pitched ball always describes a curve caused by 
gravity. But to simplify the discussion let us disre- 
gard the gravity influence. A pitched ball, unless it 
strikes some other object, never deviates 
from a straight line except in a curve. 
It may pass from a straight line into a 
curve and then back to another straight 
line. Every such ball will, if uninter- 
rupted, then pass from the second 
straight line into a second curve. This 
second curve will always be in the oppo- 
site direction from the first curve. The 
ball will pass from this second curve into 
a third straight line that nearly parallels 
the first straight line. If the ball could 
be kept going the series would be indefi- 
nitely extended; each curve would be op- 
posite to the one just preceding it. Such 
a series would result in case either a 
“spit” ball or a “knuckle” ball were 
thrown with the axis of rotation perpen- 
dicular to the earth’s surface. All so- 
called “hops,” “breaks” and “shoots” are 
curves. 

A ball changes its course in the air in accordance 
with the same laws that control the course of a boat in 
the water, where a rudderless boat is propelled by oars 
ov by independently controlled side wheels. 

Fig. 1 represents a nonrotating ball going from D 
towards E. The dotted lines SR and NW represent 
the paths of points H’ and H”. As cushion H advances 
it displaces all the air between SR and NW. A repre- 
sents the still air on one side of line DE, and B repre- 
sents the still air on the other side. The lines OH” and 
OH’ divide the cushion H from the still air. The iner- 
tia resistance of the still air A on the advancing cush- 
ion H is represented by the arrows v along the line OH’, 
the resistance of B on H by the arrows w. The resist- 
ance v must always equal the resistance w. If for any 
reason this equality should be threatened, 
it will, by instantaneous and infinitesimal 
readjustments, be automatically and con- 
tinuously maintained. In the highly mo- 
bile and elastic free air, unbalanced, op- 
posing forces cannot exist. 

The cushion H is the prow of a boat, 
and the ball is the propelling force. A 
baseball is so made that its geometrical 
center corresponds with its gravity cen- 
ter. If the ball’s surface is uniform, the 
distance gH” will equal the distance fH’, 
and Q will be both the center of the boat 
and the center of the propelling force. 
And the boat will go in a straight line. 
Any time that the center of the propell- 
ing force lies to one side of the center line 
of the boat, the boat will curve towards 
the other side. In Fig. 2, the greater the 
distance Q’Q is in proportion to the dis- 
tance Q’O’, the shorter will be the radius 
of the curve. As long as the ratio of Q’Q 
to Q’O’ is fixed, neither changes in the 
size of the boat nor changes in its speed will affect the 
length of the radius of its curve. 

Since the distances Qg and Qf are fixed, whatever 
variations occur in the distances Qi and Qh must oc- 
cur in the distances gi and fh. There are three ways 
in which a pitcher may bring about an inequality in 
these distances. One way is to cause the ball to ro- 
tate rapidly on an axis that lies in a plane that is 
nearly or quite perpendicular to the line of initial d1- 
rection of the ball, as illustrated in Fig. 2. Another 
way is to either roughen the ball on one side or so 
utilize the seams as to get the same result. This rough 
spot or properly adjusted seams will, because of in- 
creased friction, cause a thickening of H” or H’ under 
certain conditions, see Fig. 3. The other way is to 
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either wet (“spit”) or polish (“shine”) a spot on the 
ball. The wet or polished spot offers less friction to 
the air, and under certain conditions reduces the 
thickness of H” or H’, see Fig. 2. 

In common parlance “a curve” means a curve pro- 
duced by the rapid rotation of the ball. Whether it is 
a fast or slow ball and whether it is an “out,” “in,” 
“up,” or “down,” the principles involved are always 
the same. Fig. 2 illustrates the rotation curve. Q is 
ihe center of a ball rotating rapidly in the direction in- 
cicated by the arrows m. Its inertia direction is Q 
towards E. The rotary friction of the ball on the air 
in the base of cushion H forms a second cushion I, the 
front of which is the curved line EKP. Cushion I forces 
cushion H away from the ball by the cumulating mo- 
wentum of its cumulating current of air and therefore 
forces H” farther away than it forces H’, thus forcing 
the center of the boat away from the center of the 
ball. I absorbs air from H all along the line EKP. H 
makes up the loss by absorbing air from A and B 
along the lines O’h and O'i. Since the rear hemisphere 
of the ball is in a partial vacuum, it will carry no 
appreciable air with it as it enters H’, hence I’ will 
be thin. The fact that H is denser at K than at H” 
and H’ helps make the distance ge greater than the 
distance fP. The cushion I at its source I’ is thin and 
loses little by compression in going to K. The thicker 
body of I at K expands, in passing to I”, and great 
deal more than I’ is compressed going to K. Also the 
erosion of H is greater than it would be if its density 
at K were no greater than it is at H’ and H”. And 
though the movement of I from K to I” probably re- 
duces the thickness of H”, yet the distance gi will 
still be greater than the distance fh. This forces the 
center of the boat from Q towards i. The broken line 
l’E’ is so drawn that the point midway between i and 
h would lie in it if it were completed, and it is drawn 
parallel to the broken line DE which is, for the instant, 
the line of inertia direction of Q. Let Q’ be the point 
where a perpedicular from Q to D’E’ would cut D’E’. 
The cushion H will apex on the line D’E’. Q, the 
center of the propelling force, is on the A side of the 
boat, and the boat will turn into B. Just as a side- 
wheel boat, where the wheels are going at unequal 
rates, will turn away from the side having the fastest 
wheel. The ball, through cushions I and H, constantly 
presses harder against A along the line O’h than it 
does against B along line O'i. That tends to increase 
v, the inertia reaction of B against H, if there were 
no automatic readjustment. For H the line of least 
resistance is towards B. H must follow the line of 
least resistance. H will therefore move towards B, 
thus relieving the resistance v and increasing the re- 
sistance w until they become equal. At each readjust- 
ment the inertia direction line of Q will rotate on Q 
as a center, the point E deflecting slightly towards B. 
Since Q remains fixed relative to Q’, this readjustment 
must be continuous. Hence the ball curves. 

During the period of cushion building, the ball de- 
scribes an are of a decreasing spiral. When the cush- 
ion has reached its maximum, the ball describes an 
are of a circle. As used here, rate of rotation has a 
time basis, i. e., so many revolutions per second. If 
the rate of rotation is fixed, then during the cushion 
building period, the faster the ball travels the longer 
is the radius of its spiral are traced through like time 
intervals. This is not offset by greater density in 
cushion H due to greater speed, for during the time it 
is building the cushion’s density increases on a time 
schedule and not on either a distance or a speed basis. 
Since the density of the maximum cushion is greater 
on a fast ball than it is on a slow ball, the cushion 
building time is longer on a fast ball. During the 
latter part of that excess time the fast ball’s dimin- 
ishing spiral has a shorter radius than has the di- 
minishing spiral of the slow ball, provided the rotation 
rate is the same. 

When the distance ih is increased because of an 
increase in the thickness of cushion I, nearly all of 
that increase is in the distance ge, and it is practically 
true that the distance Q’Q is increased by one-half of 
the increase in the distance ih. The distance Q’O’ is 
increased by not more than the increase of ih. An 
increase in the distance Q’O’, tends to offset an increase 
in the distance Q’Q, but since Q’O’ is likely a hundred 
times as great as Q’Q the proportional increase is so 
small that its effect is negligible. 

When cushion H has reached its maximum, the 
distance Q’Q is generally greater on a fast ball than 
on a slow ball of the same delivery. Beyond some 
point in the rate of speed of the ball, the increases in 
the distance Q’Q resulting from increases in the 
density of cushion H are at a diminishing rate as 
compared with the increases in the ball’s speed. And 
at some higher point in the ball’s speed, increases in 
speed do not result in increases in the distance Q’Q 


of sufficient amount to noticeably affect the curve. It 
is not probable that pitchers can reach that practically 
vanishing point in speed. For any given density of 
cushion H, increases in the rate of rotation of the 
ball cause increases in the distance Q’Q. But beyond 
some point in the rate of rotation, the increases in the 
distance Q’Q are at a diminishing rate as compared 
with the increases in the rate of rotation, and for prac- 
tical purposes they vanish at some higher point in the 
rate of rotation. It is not probable that pitchers can 
reach this vanishing point either. Some methods of 
delivery permit of greater rotation rates than do other 
methods. Very slow balls, of certain methods of de- 


Fig. 3 


livery, permit a very high rotation rate. But for the 
same method of delivery, where the speed is at least 
considerable, the faster the ball, the greater is its rate 
of rotation. Therefore it is generally true that, in 
rotation curves of the same delivery, the faster the 
ball the shorter is the radius of its curve just befgre 
and after the cushion has reached its maximum. And 
if the rate of rotation is the same, the faster the 
ball no matter of what delivery, the shorter will be 
the radius of its curve just before and after the cush- 
ion has reached its maximum. And if the rate of ro- 
tation is the same, the faster the ball no matter of 
what delivery, the shorter will be the radius of its 
curve just before and after its cushion has reached its 
maximum. So the ball players’ terminology of “curves” 
for the slow balls and “shoots” for the fast balls is 
suited to the facts. For the slow ball’s smaller spiral 
and larger circle blend together into a sweeping curve 
starting when the ball is about one-third of the way 
from the pitcher; while the fast ball’s larger spiral 
appears like a straight line most of the way and its 
smaller spiral ending turning into its smaller circle 
gives the abrupt “shoot” beginning but a few feet in 
front of the batter. 

If the rotation “curve” were not stopped by the 
catcher, and were not interfered with by gravitation, 
its deceleration would result in a decreasing density 
of its cushion H, and it would describe an arc of an 
increasing spiral. Also the lowering, by friction loss, 
of the ball’s rate of rotation would tend to increase 
the rate of increase in the length of the radius of the 
curve. 

Fig. 3 represents a baseball. The dotted lines rep- 
resent the far side and the solid lines represent the 
near side of the ball. The ball is moving in the direc- 
tion shown by the arrow C. It is rotating slowly on 
the axis AB, in the direction shown by the arrows D. 
The seams R R, on account of their perpendicular po- 
sition, cause greater friction on the air cushion than 
do the seams S §S which are horizontal, and therefore 
the cushion is thicker on this side than it is on the 
other side of the ball. Hence the ball is curving this 
way. For this method of producing curves, the ball 
should rotate from 2 to 5 times in its flight to the 
batter. When the seams R R get around to the far 
side of the ball, the seams S S will be on this side, the 
ball will curve to the far side. When the seams R R 
are either at the front or at the rear of the ball, the 
ball will be going in a straight line. If around S S 
the ball is polished or wet, the ball’s curve arc will 
have a still shorter radius. 

These curves are primarily caused by inequalities 
in the ball’s surface. I shall call them surface curves 
to distinguish them from the rotation curves. The 
first part of a surface curve is an are of a decreasing 
spiral, its middle part is an are of a circle and its last 
part is an are of an increasing spiral. 

If the axis of a rotation of a surface curve is per- 
pendicular and if gravity is disregarded, the ball will 
describe a zigzag path with curves for angles. If the 
curve when seams R R are retrogressing differs from 
the curve when they are advancing in their revolution 


about axis AB, then the general direction of the zig- 
zag path will itself be a curve. 

The “spit” ball and the “knuckle” ball are surface 
curves. 

If the ball is roughened around R R, or if some 
sticky substance is applied there, the resulting curve 
has a still shorter radius. Such devices are barred 
from the game. Pitchers may disregard the seams 
R Rand §S §S, and by wetting or polishing some other 
spot still get a curve; but unless they resort to some 
additional, forbidden device, they will not get as good 
results as they do get when they utilize the seams 
properly, along with the wet or polished spot. 

So far as the principles involved are concerned, the 
surface curve can be used to produce “breaks” of all 
kinds, in, out, up or down, or any combination of 
these. As generally used they are intended to “break” 
down. They are delivered with the axis of rotation 
horizontal and at right angles to the line of the initial 
direction of the ball, and the front hemisphere rotates 
downward. They would give as good and perhaps 
better results if the front hemisphere rotated upward, 
since the disturbing spots on the ball’s surface would 
be held longer in the effective positions to produce 
the “drop’—the disturbances in the friction on the 
cushion, caused by the seams R R and the wet or 
polished spot opposite, are such as to retard the ro- 
tation when the seams R R are advancing and to 
increase it when they are retarding. As used they 
are most deceptive when passing the batter about knee 
high. The higher the pitcher lets go of them i. e., the 
more they slant downward, the more deceptive they 
are. Since they rotate slowly they have a large cush- 
ion which magnifies the ball. But they approach the 
batter in such a way that he judges their speed and 
location by the ground they pass over, hence they do 
not appear to “hesitate” like the “floater” does. But 
because they are magnified they look closer to the 
batter, i. e., higher than they are. If they go past the 
plate while on a straight line, the batter will strike 
above them. He will assert that the balls “dropped.” 
If they should “break up,” that puts them nearly 
where they appear to be, and the batter, hitting them, 
will say that they came straight. If they “break” 
down, it will add the curve deception to the lens 
deception and produce what the batter calls “big 
drops.” 

When the umpire is behind the catcher these knee 
balls fool him as well as the batter; he too sees them 
higher than they are. He cannot make allowances for 
anything, he has no time to analyze the ball even if 
he knows of the lens deception; he must call it just’ 
as it looks to him. The spectators off at the sides see 
the ball where it is, below the knee in many cases 
called “strikes” and they howl “robber” at an honest 
and careful umpire. It is no more than a fair and 
reasonable “percentage” for the pitcher. 

More than one batter has asserted that he has seen 
a ball curve opposite ways as it approached the plate. 
If the plate were about 70 ft. from the pitcher instead 
of 60, and if surface curves were thrown so that they 
rotated about 3 or 4 times on a perpendicular axis 
this double curve would be a common phenomenon. 

If a surface curve were thrown shoulder high and 
swiftly, with its front hemisphere rotating downward 
on a horizontal axis, and if the seams R R should be 
at the top about six or eight feet in front of the plate, 
there should result a decided “hop.” And it should 
also “hesitate” like the “floater.” 

No wonder that surface curves are notoriously er- 
ratic in their actions, for a half a revolution gives op- 
posite curves and the quarter revolution between gives 
a straight ball. No pitcher can time them with any 
degree of certainty. When the speed is fixed, the 
slower the rotation the longer the are of curvature, 
and therefore the “wider” the curve. When the rate of 
rotation is fixed, the faster the ball the longer the are 
of curvature. Therefore a very swift ball with a very 
slow rotation will give a very “wide” curve, and it 
would also give a marked lens deception. 

Friction does not directly cause any regular curve. 
The hypothesis that the air acts as a yielding cushion 
upon which the rotating ball presses and the friction 
causes the ball to curve is not true. The cushion H, 
Fig. 2, shuts the rotation friction completely off from 
the still air, hence it cannot directly affect the direc- 
tion of the ball any more than a boy can lift himself 
by his boot straps. The rotation friction spreads the 
base of the cushion H; that increases the amount of 
air displaced until the increased resisting force of the 
still air exactly equals the rotation friction force. The 
thickness and density of cushion I are the direct re- 
sultant of these two opposing forces. If the rotation 
momentum furnished the deflecting force, tnen n curv- 
ing ball would suffer no deceleration from curving, 
and the loss of rotation momentum would equal the 
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force required for the deflection. This is plainly not 
true. A good thrower can throw a curving ball nearly 
1) yards. It will deflect many yards from the line 
of its initial direction, yet its loss in rotation rate 
is so slight that it could not possibly account for the 
many yards that the ball deflected. The forward mo- 
mentum of the ball and the resistance v, Fig. 2, are 
the opposing forces equal part of which are neutral- 
ized in the readjustment struggle that results in the 
deflection of the ball. And even if the rotation friction 
could directly deflect the ball, that deflection would be 
in the opposite direction to the way the ball does curve. 
In Fig. 2, eliminate the cushion H, and the friction of 
the ball on cushion I would drive I over into still air 
B; the reaction of I on the ball would drive the ball 
over into still air A. This is further evidenced by the 
fact that when a curving ball strikes the ground, the 
friction resistance of the ground causes the ball to 
bound in a deflected course opposite to the deflection 
of the curve. Again the surface curves have no rota- 
tion friction, yet they curve. And still again the sur- 
face curve may curve both ways with the same direc- 
tion of rotation. 

There is only one ball thrown where the direct fric- 
tion of rotation seems to affect the direction of the 
ball, and that is the famous “fadeaway” ball. This 
ball comes towards the batter nearly on a level. A few 
feet in front of the plate it makes a much more abrupt 
descent to the ground than its level approach indi- 
cates as probable. If a straight ball is thrown un- 
derhand, released close to the ground and directed at 
a point level with the batter’s head, if not too swift, 
it will, because of gravity, approach the batter near 
enough on a level to give him the impression that it 
will hold up long enough for him to hit it, when it will 
not. Before curves were discovered, this was one of 
the “foolers.” The “fadeaway” is this same delivery 
with a little less speed and all the “up” rotation that 
can be given. This results in the ball’s maintaining 
a nearly level course until its forward impetus is much 
more nearly spent than seems possible. As the ball 
slows down the cushion H disappears and the cushion 
I comes into contact with the still air and forces the 
ball down. Though this effect must be slight, yet it 
seems to be the final element that gives to the “fade- 
away” its extremely freakish appearance. 


The Tree Wasp 

Tue gales of chance, that blow as they list, laid 
at my feet one of those windy days of the Equinox, 
the life story of this very primitive fossorial wasp 
that inhabits the sprouting bole of a high and ancient 
wych-elm in the garden. From a fork, thirty feet up, 
a half-decayed part fell down, which displayed in its 
interior a complete system of ramifying galleries, the 
labors of this arboreal fossore. Strictly speaking, a 
fossore is neither a bee nor a wasp, but a “betwixt 
and between,” a survival from the long past that car- 
ries a tale of the early times of the earth’s history, 
ere flowers were and nectar was unknown. This wasp 


«liffers in look from her cousins in the sandbank be- 


low. She is black as ebony, her dolorous chiton only 
relieved by the irised wings that cover her in repose. 
Her length is about half an inch, but she is excessively 
narrow and slim, as befits her chosen habitat in the 
woody tunnels she excavates. She is not prolific; in 
all the galleries only nine larvee were found. She is 
rarely seen, and is not a common insect. The tun- 
nels follow the grain of the wood; there are numer- 
ous bore-holes at right angles to the main galleries, 
for which she is not responsible, and, indeed, give her 
cnuse for much chagrin, as we shall see. Pemphredon, 
as her bold name goes, is a useful friend to man, a 
hard-working member of the policing fossores that 
ure such valiant hustlers of the insect pests we an- 
athematise. The sandwasp gives the black-fly no rest, 
and this high-dwelling cousin of his hunts fhe aphides 
exclusively. The cells in the galleries are found to 
be literally packed with their remains, and so it 
seems that those destroyers of the bean-flowers and the 
upple-trees do not have it all their own way. Sweet 
und wholesome food they must prove to the wasp 
larvee, loaded as they are with the honeydew that the 
aunts covet of them. Each of the larval cradles is 
packed with them and closely sealed with a tight-fit- 
ting parchment cap. As is usual in the bee economy, 
special provision is exhibited in the larval structure 
for the important necessity of hygiene, so that sweet- 
ness and sanitation are secured for the delicate grub 
shut up in the cell. 

All the long summer our winged friend seeks for the 
destructive aphis, and by September the last phase is 
complete. The larve have grown to their full size, 
and have left their cells to seek the pupation cham- 
bers adjoining, where they will rest through the win- 
ter. The old ones have passed away; but not all, if 


what I found prove that hibernation may also occur, 
for in one cell there reposed a placid queen in the 
winter trance with the dead drone not far from her. 
Thus would the security of the race be made doubly 
sure, for there are many enemies of the hapless young. 
Chiefest of these is an Apatid beetle, that lays an egg 
in the food store, and whose larve attacks the wasp- 
grub at a certain stage and appropriates his provender. 
After his stolen feast he casts his skin and comes out 
in his true colors. Were the wasp there to see doubt- 
less she would be much surprised at the ugly duckling 
she so laboriously strove for. Now, instead of a deli- 
cately formed grub, emerges a six-legged, dewlapped, 
powerful-jawed hooligan that starts off on an unend- 
ing round of mischief. The beetle larva Is a vigor 
ous tunneler, and scorns to traverse the ready-made 
exits. The direction he chooses is always at right 
angles to the galleries. This spiteful changeling not 
only cheats the wasp of the fruits of her labors, but 
adds insult to injury by filling up her house with saw- 
dust, so that the metamorphosing grub is almost smoth- 
ered. Each one for himself seems to be the guiding 
principle of his behavior. When as a fully-fledged 
beetle, he has emerged into the outer world his stay 
there is only for quite a short time—indeed, he seems 
to hang around until the much-tormented wasp has 
completed the spring cleaning of the mess he has 
made of her home, and to await the first chance 
of repeating his nefarious deeds. Small wonder is it 
that our little friend is not of a numerous clan, with 
such-like and many other vexations that beset her. 
The Scotsman. 


The Formation of the Thread in the Spinning of 
Artificial Silk 


CuPRAMMONTIUM solutions are spun from groups of 
single glass capillary jets, 0.2—0.16 mm. wide and 
1—4 mm. long in the capillary. Viscose is spun from 
platinum disks pierced with 15—25 holes of 0.10 mm. 
diam. The spinning pressure is 1.5—2.5 atmos. in 
both cases. At the Elberfeld works the cuprammonium 
is prepared by blowing air through aqueous ammonia 
in presence of metallic copper at a low temperature, the 
cotton being subsequently introduced. The spinning 
solution contains 7—8 per cent cellulose, 2.5—3 per cent 
Cu, and 7—8 per cent NH,, together with some sucrose 
and other additions; the solution is strained several 
times through the finest steel wire cloth. Viscosity is 
determined in a tube, 32 mm. wide, 280 mm. long, with 
marks indicating a volume of 150 ¢..; the tube termin- 
ates in a short orifice, 5 mm. wide. A suitable solution 
runs out in 5—6 mins., and falls in a continuous thread 
2 m. long before breaking up into drops. A coagulating 
bath containing 33 grms. of caustic soda and 8 grms. of 
sugar per 100 c.c. is generally used, at 40°—50° C.; 
sulphuric acid containing 32—50 grms. per 100 c.c. 
behaves similarly, but the threads are not so good. 
In practical spinning finer jets than those mentioned 
are not satisfactory, owing to clogging, and the fineness 
of the thread is controlled by “drawing out.’ Fine 
threads can be spun from coarse jets and coarse threads 
from fine jets, depending on the relation between the 
speed of drawing and the supply of cellulose solution; 
this latter depends on the pressure of delivery and the 
internal resistance of the capillary, 7. e., its length and 
fineness. There is a limit to the extent to which the 
diameter may be reduced by drawing out, owing to the 
breaking of the thread by the increased frictional resist- 
ance. The maximum effect obtained in practice repre- 
sents an extension of the filament to 5—6 times its 
original length. The diameter of the threads spun 
from 0.2 mm. capillaries under practical conditions is 
about 0.1 mm. wet and 0.03 mm. after drying. Much 
finer threads are spun by the Thiele-Bemberg system, 
with diameters down to 10—15 “, approximating to that 
of natural silk. In this system capillaries are not used, 
the fluid being delivered from orifices of 0.8 mm. into a 
long column (500 mm.) of a very weak coagulating bath, 
e. g-, a 2 per cent solution of caustic soda for cupram- 
monium. Owing to the slow action of the coagulating 
bath the thread remains plastic for a considerable time, 
and is drawn out to a very fine diameter before it is finally 
solidified. With the capillary process and concentrated 
coagulating baths the thread is immediately solidified, 
and its final diameter is fixed as soon as it comes in con- 
tact with the liquid of the bath. Experiments are de- 
scribed showing the nature of the formation of the threa 1 
in spinning cuprammonium solutions from glass capil- 
laries. With a capillary 0.2 mm. wide and 3.5 mm. long, 
a pressure equivalent to 1,000 mm. of mercury and a 
drawing speed of 7.5 per min. give a thread of 0.2 mm. 
diam., i. e., equal to the diameter of the jet; complete 
coagulation takes places in this case immediately at 
the orifice of the jet. When the drawing speed is in- 
creased to 44 m. per min., which is normal practice for 
these conditions, the thread is drawn out to a diameter 


of 0.10 mm., but this reduction takes place some distance 
up the capillary where the solution is perfectly fluid, and 
the coagulating liquid enters the mouth of the capillary. 
With a capillary 6.5 mm. long, the point of reduction 
is shifted still higher up owing to the reduced supply 
caused by increased frictional resistance, and if the de- 
livery pressure is not increased the speed of drawing 
must be decreased to 34 m. per min. to avoid breaking 
the thread; the diameter of the thread is then 0.12 mm. 
With a shorter capillary, 1.5 mm. long, under the same 
pressure, the supply is considerably greater, and the 
speed of drawing can be increased to 80 m. per min., 
giving a thread 0.09 mm. in diameter; in this case the 
capillary is practically filled and the point of reduction is 
situated at the orifice. A jet 1.0 mm. long, but 0.16 mm 
wide, permits a drawing speed of 85 m. per min., but the 
point of reduction is visibly inside the capillary; the 
thread has a diameter of 0.10 mm. When a thread 
breaks, the drawing tension is nil and the thread issuing 
under pressure has a diameter larger than that of the 
capillary. A thread of 0.22 mm. diameter can be 
spun from a capillary of 0.20 mm. if the jet be very 
short (1.0 mm.) and the drawing speed low (9 m. per 
min.). With a very short jet, a very high drawing 
speed (88 m. per min.) may exert a pull right up the 
capillary, so that the thread is drawn from the wide 
portion of the jet and occupies only about half the bore 
of the capillary—Note in Jour. Soc. Chem. Ind. on an 
article by A. Ost in Z. Angew. Chem. 


Acetylene Mine Lamp 

AN acetylene mining safety lamp, which was described 
recently before the British Institution of Mining Engi- 
neers, is a combination of the American type of Wolf 
lamp with the Mueseler principle, and can be used to 
detect the presence of fire damp in the mine air and to in- 
dicate deficiency of oxygen. It has about five times the 
illuminating value of the average oil lamp and three and 
one-half times that of the average electric mining lamp, 
and is provided with a special reflector which furnishes 
sufficient illumination of the roof without tilting of the 
lamp. The upper part follows the construction of the 
ordinary Wolf-Mueseler lamp, with corrugated shield, 
double gauzes, and Mueseler chimney, the last having 
the usual horizontal gauze and protecting dise at the 
upper end of the cone. Combining the Mueseler chim- 
ney with the double-glass safety lamp, the Chance lamp 
is practically two safety lamps in one, and if the outer 
glass is broken the flame is still protected and cannot 
cause ignition of gas in the outer air. In the acetylene 
generator, which is in the base, the contact system is 
employed. The vessel containing the carbide is closed 
at the top, except for the gas exit, and also at the bottom, 
except that provision is made for the slow percolation of 
water. It is immersed in water, which enters it owing to 
the pressure due to head and thus generates gas. The 
gas pressure inside the chamber automatically controls 
the admission of water, of which more or less enters as 
the pressure falls or rises. It is stated that the lamp 
practically never overgenerates, but if it does the super- 
fluous gas escapes by orifices which lead into the open air 
downward, so that the gas is discharged as far as possible 
from the air inlet, which is above the glasses. A valve 
is provided to shut off the gas or lower the flame for 
methane-testing. An objection to acetylene lamps in 
the past has been that they may be extinguished owing 
to a little inattention, concussion due to shot-firing, or 
air pressure resulting from the sudden closing of ventila- 
tion doors. To meet this contingency the lamp has an 
automatic reigniting burner, so constructed that a tem- 
perature sufficient to ignite the gas is maintained, partly 
in the burner itself and partly in the burner-protecting 
shield. The lamp requires a charge of 714 ounces to 
8 ounces of carbide for 10 to 10% hours’ burning time, 
and weighs 514 pounds when fully charged for a 10-hours’ 
shift. After about four hours’ working it is desirable 
to refill the water-vessel; the latter actually contains 
enough water for a full shift, but during the later hours 
the gas pressure drops unless more water is added. The 
lamp is of the lead-rivet locking type with slip ring, the 
one lock completely securing both the whole of the gener- 
ator parts and the internal fittings of the lamp itself.— 
London Times Engineering Supplement. 


Alcohol from Wood Pulp Refuse 


Suupuite of soda lyes used for treating wood pulp 
contain sugars which are fermented for producing alcohol. 
The Svensk Motortidning states that there are five 
factories in Sweden preparing annually by this process 
a total of five million litres of alcoho]. Eleven new 
factories are in course of erection, and wil] give 11.9 
milion litres. At Skien, in Norway, a works is being 
erected which will produce annually 900,000 litres of 
alcohol. The alcohol is suitable for internal combustion 
engines, so that Sweden will soon not need to import 
petrol.—The Engineer 
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Uniformity in Aerographic Records 


The Desirability of Universal Scientific Units 
By Alexander McAdie, Abbott Lawrence Rotch Professor of Meteorology 


Pr) vious to the year 1910 no attempt had been made 
by \.eterologists, so far as known, to publish atmos- 
pheric pressures in any other units than inches and 
millimetres. Temperatures were expressed in the 
Fahrenheit and Centigrade scales. 

In 1908 the writer suggested a method of express- 
ing pressure in percentages or permillages of some 
generally accepted value; and that for temperature, 
some other seale than the Fahrenheit should be 
adopted. In the Monthly Weather Review for Au- 
gust, 1908, these views were given publicity. Some 
further suggestions were officially considered by a 
Board which in June, 1910, reported among other 
things that “it did not appear that the subject had 
been formally reported on heretofore.’ The Board 
further expressed its opposition “to the substitution 
of the Absolute seale in general meteorological publi- 
cations for existing scales” although it recognized that 
the C. G. S. system of units was peculiarly suited for 
the publication of aerological observa- 
tions. There appeared to be some con- 
fusion of ideas regarding the use of the 


rologists, however, object to the use of the Absolute or 
Centigrade scale on the ground that the scale divi- 
sion, even when read to tenths, is too large a quantity 
for meteorological purposes. 

To meet this objection and for other reasons the 
writer has suggested a new scale to be known as the 
New Absolute, or briefly New. The zero of the new 
scale is the same as that of the Absolute, approxi- 
mately 491° below the temperature of melting ice un- 
der a pressure of 1000 kilobars on the Fahrenheit 
scale; and 273.02° below the same point on the Cen- 
tigrade scale. On the new scale this temperature of 
melting ice is marked 1000. No degree sign is em- 
ployed inasmuch as this symbol is reserved for angu- 
lar measurement. The use of the degree symbol can 
well be abandoned as there is no scientific basis for its 
usage or retention. 

" Since we have no available method of expressing on 
a comprehensive scale the gain or loss of heat in units 


COMPARISON OF THE THERMOMETER SCALES 


N. it may be taken as 4.219 Joules and at 1100 N. as 
4.176 Joules. The mean small calorie may be defined 
as above, i. ¢., the quantity of heat that will raise the 
temperature of one gram of water 3.666 degrees. The 
specific heat of water at 1084 N. will have the value 
of one calorie or its dynamic equivalent 4.18 Joules. 
lor dry air at constant pressure the specific heat will 
be 0.2417 and at constant volume 0.1715. The ratio of 
specific heat, commonly designated “k,” will be 1.409. 
The specific heat of water vapor at constant pressure 
remains 0.4652 and at constant volume 0.340. The 
ratio, sometimes designated by “k,” is 1.368. 

There seems, then, to be no great difficulty in the 
application of the New Absolute scale. In ag ‘on to 
the reasons which have been given above in favor of 
its general adoption, it may be further urged that the 
New scale offers the following advantages: 

1. The abolition of all minus signs. In some coun- 
tries surface temperatures do not fall below the zero 
of the Centigrade or Fahrenheit ‘scale, 
but over a considerable portion of the 
globe winter temperatures necessitate the 


new units for it was stated that “if the a tee ‘in tes in ter ‘in. on use of minus signs. These are to some 
new pressure scale of megadynes be em- F. C. ABSOLUTE NEW degree confusing and liable to misinter- 
ployed the simple number 760 entering —40 = 853 © = 935 40 = 1016 80 = 1098 ” — r , pretation. It is advisable that yse of the 
into the fundamental definition of tem- —39 55 : 37 41 18 8r 1100 10 4 — J200 minus sign be restricted. Over the entire 
perature must give place to a number —38 57 2 39 42 20 82 2 = =s50 ‘ = globe, upper air temperatures are below 
like 1013.803 milli-megadynes.” The -37 59 3 41 43 22 83 4 = + 70 the zero of both the old scales. Even 
joard also expressed itself as opposed — 36 61 4 43 44 24 84 6 M0-3= r + over the equator at an elevation of four 
to discarding the Fahrenheit scale “until —35 «93 5 45 | 45 27 85 8 | wz” + # | kilometres it becomes necessary to em- 
it was certain that world wide uniform- = r = ploy negative values. As temperatures 
ity would be directly brought about by —34 6 47 46 29 = 30 readings of -—-90° C. have been recorded, 
such a course.” ~33 67 7 49 47 3! 87 sn 60 s p00 there is quite a large range in which it is 
—32 69 48 33 88 14 = r 
The argument in favor of the adoption eet 6 = - 60 necessary to use the minus sign. In all 
of scientific units was, however, received 3 7 ® $3 pan $5 89 : = 2 modern balloon work the old scales have 
—39 #74 | 10 55 | 5° 37 9° 18 | 
with favor in foreign countries, and grad- = - 30 been abandoned and temperatures are 
ually the reform made headway until —29 76 II 57 51 39 or 20 50 ,e r > given on the Absolute scale, both for theo- 
now (January, 1917) all of the great —28 78 12 59 52 41 92 22 #w34= r 2 retical reasons and to do away with the 
meteorological services of the world rec- —37 80 13 61 53 43 93 24 - re minus sign. 
ognize the desirability of using the new —26 82 14 63 54 45 4 6.26 | 4 - 90 2. There is an advantage in recognizing 
units; and many of them publish pres- = 84 15 65 55 47 95 28 20 = r 4 the grand division of warm and cold as 
sures in millibars or kilobars and tem- 10 >” - 60 expressed by the values 1000 and 1100. 
peratures in degrees Absolute Centigrade. —%4 686 16 67 56 49 96 30 = r S Thus all temperatures below 1000 are 
A concise statement of the progress of ~ 33 = 3? = 30 known to be cold or below the freezing 
the movement for the adoption of scien- 5 53 9 35 wz point of water; and all temperatures 
92 19 74 59 55 99 37 
tific units may be found in H.A. 73, 90-95. —30 94 30 76 rs 57 00 39 20-42 — 900 above 1100 are immediately recognized as 
Pressure—The term millibar was un- warm since that temperature corresponds 
fortunately used by Bjerknes in his “Dy- —19 96 21 78 61 59 101 41 a = - 7 to so-called summer heat (81° F.). 
namic Meteorology and Hydrography.” —18 98 22 80 62 61 102 43 403 =-40 ® Z 3. In compiling data the New scale 
He defined the bar as a megadyne at- —17 geo 23 82 63 63 103 45 x = r 40 makes for greater accuracy without sac- 
mosphere, seemingly unaware of a prior =~ 2 24 84 64 65 104 47 = x = rificing definiteness, as in the use of the 
use of the word by Richards and others —I15 4 25 86 65 67 105 49 6 _— - 10 Absolute scale. There is also a marked 
in its proper sense. The term millibar 70 = te saving in time and in the space required 
“mb.” as used by many meteorologists —— ; 26 88 | 6 69 106 $8 = 60 + 60 for presentation of data. As an illustra- 
should be replaced by the more appro- bad = tion of the economy. of labor and space, 
priate notation kilobar “kb.” The bar Eth a 29 os 69 76 sp OS? 90 =» : ~ attention is called to the table of monthly 
then is best defined as the force which =—s0 14 30 96 70 78 10 59 100 = . 59 and annual temperatures covering a pe- 
will produce in one gram an acceleration s r 20 riod of 31 years at Blue Hill Observatory. 
of one centimetre per second. Unless -9 16 31 98 71 80 III 61 a = i... There appears to be a saving of about 40 
this definition be accepted, the basic unit - 8 18 32 1000 72 82 112 63 «| @oG= r 90 per cent. in favor of the New scale. 
in all meteorological tabulations will be -7 20 33 2 73 84 113 65 | a = 90 r 4 4. The New scale makes for clearer 
a microbar. The bar is equal to 2.93506 ue 22 34 4 74 86 114 67 = r 60 conception of the magnitude of tempera- 
‘<10—4 mercury inches, or 7.50076 10—4 35 6 75 88 115 69 | MOMS 650 | ture changes. While it does not describe 
mercury millimetres. Since a kilogram S280 ae) in any way the inner kinetic energy of 
will exert a force of 981,000 dynes, the Sih: . 36 8 76 - 11600 71 | age 4 10 - #1 molecules and as it seems to be some- 
bar is approximately equivalent to .00102 = what more suitable for application in 
grams, and the kilobar approximately 33 39 79 96 119 problems bearing on the thermodynam- 
equivalent to 1.02 grams. One millime- ics of the atmosphere and the kinetic 


tre of pure mercury at a temperature of 

1000 N. in latitude 45° will have a force 

equivalent of 1.8332 kilobars. One hundredth inch of 
mercury an equivalent of 0.3386 kilobar. At Blue Hill 
Observatory pressures have been expressed in kilobars 
in all summaries since 1914. The mean annual pres- 
sure for the period of 31 years is 992.6 kilobars and 
reduced to sea level 1016 kilobars. The highest pres- 
sure recorded in this period was 1047 kilobars re- 
duced to sea level and the lowest 964.6; the absolute 
range being 82.4 kilobars. 

There seems to be no practical difficulty in express- 
ing pressure in units of this nature and no valid scien- 
tific reason against its general adoption. 

Temperature.—Since 1914 temperature has been ex- 
pressed at many observatories in degrees Absolute 
Centigrade. The use of the Fahrenheit scale is now 
restricted to a few communities and in scientific work 
it has practically outlived its usefulness. Some meteo- 


*Annals of the Astronomical Observatory of Harvard Col- 
lege. Vol. 83, part 1. 


of molecular motion, we must continue to use the 
mercurial thermometer and utilize as an approximate 
measure of temperature, the variation in the expan- 
sion of mercury and glass. There has been no ma- 
terial improvement in thermometer scales since Lin- 
naeus reversed the order of the Celsius marking. There 
have been some scales such for example as De I'Isle’s 
scale, mentioned in the computer’s handbook M. O, 223, 
page 10, in which the boiling point was marked zero 
and the freezing point 150; also scales in which tem- 
peratures were measured above and below a so-called 
temperate or median value. 

In measuring the quantity of heat received some 
such device as a pyrheliometer must be employed. In 
C. G. S. units if we use the New scale, the gram calorie 
becomes the quantity of heat that will raise the tem- 
perature of a gram of pure water under standard con- 
ditions 3.6663 degrees. The value of the gram calorie 
will vary slightly for different temperatures. At 1090 


theory in general. It can be used in the 
two fundamental laws of thermodynam- 
ics that of conservation of energy and of increase of 
expenditure in a non-conservative system; and in fact 
wherever the absolute temperature is used, since it 
is itself based on an absolute value. 

Vapor Pressure and Humidity.—At Blue Hill it has 
been found practicable to express these conditions in 
the new units and for several years in the summa- 
ries, the mean values of vapor pressure have been 
given in kilobars. The temperature of saturation or 
dew-point is not as a rule published. If the relative 
humidity or percentage of saturation is desired and 
the new Absolute scale is used, it will be necessary 
to re-adjust the values of the Glaisher factor A as 
employed in the formula 

t—d = A (t—). 
At 1000N. the Glaisher multiplier is 3.32 


1010 2.7 
1020 2.3 
1030 2.2 
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1050 2.0 
1060 1.9 
1070 1.8 
1080 17 
1090 1.7 
1100 1.6 


if the dry bulb reading is 1020 and the 
the dew-point is 997 and the relative 


For example, 
wet bulb 1010, 
humidity 61%. 

The mean annual vapor pressure at Blue Hill is 9.3 
kilobars and the ratio of this to the air pressure is 
wo7, The mean annual percentage of saturation is 74. 

if any of the revisions of Regnault’s formula as used 
in Kurope be adopted and the general expression for 
the force of the vapor pressure be of the form 

the value of A will vary with the velocity of flow of air 
over the evaporating surface, in this case, the wet 
bulb. In the effort to standardize wet-bulb readings 
and ebC.in a fixed flow of air or standard circulation 
or ventilation, the Assmann aspiration psychrometer 
form of sling or whirled pyschrometer is 
venerally used, although percentages of saturation or 
relative humidities as given by hair hygrometers and 
extensively are not thus corrected. It may be 
noted that from the standpoint of the climatologist, 
the unventilated reading is preferable to the forced 
circulation value, since this last represents a fictitious 
value and conveys an erroneous impression of the sen- 
sible temperature. With a wind of 2 metres per second 
a fairly serviceable value of the constant A in the for- 
mula given above is .000656. The product of this and 
the standard pressure of 1000 kilobars is roughly .66. 
When the new Absolute scale of temperature is em- 
ployed, this product is roughly .18. For example if 
the dry bulb reading is 1020 and the wet bulb 1010, 
then the value of the vapor pressure e’ at the wet bulb 
temperature is 7.39 kbs. and subtracting 1.8 we have 
for the vapor pressure e” at the dew-point tempera- 
ture 5.59 kbs. The rato of this to the vapor pressure e 
at the dry bulb temperature is 
5.59/8.97 or 62 per cent. 

All the constants used in all formulas are probably 
too high if the velocity of the wind is great and again 
when there is a great difference between the readings 
of the dry and wet thermometers. Furthermore for 
temperatures near and below 1000 N, that is when the 
bulb (and care must be taken at such times to 
free the dry thermometer also from any deposit) is 
covered with ice an allowance must be made for 
difference in the saturation pressure of water vapor 
und ice; also for any latent heat of fusion. Supercool- 
ing below the freezing point sometimes occurs. 

Wind Velocities and Directions.—Many observatories 
publish data for these values in metres per second and 
in degrees of azimuth. This practice has been followed 
at Blue Hill for some years. No corrections for change 
in density have ever been applied here or elsewhere, 
so far as known. Beginning January 1, 1917, a record 
is kept of hours suitable (or safe) for aviation count- 
ing as such those having an average velocity not less 
than 10 metres per second and no variation equalling 
50 per cent. in a period of five minutes. 

Precipitation.—There is no longer any reason for 
expressing rainfall in decimal parts of an inch. At 
most observatories rainfall is now both measured and 
and snowfall in centimetres. 
Blue Hill for many 


or some 


used, 


wet 


expressed in millimetres 
This has been the practice at 
years. 

Rainy Days.—The use of the value .01 inch as the 
quantity determining a rainy day should be abandoned 
and the amount 1 millimetre adopted in its place. 

It is interesting to notice that Dr. G. C. Simpson in 
a discussion of the Rainfall of India, 1914, embracing 
three thousand stations calls a rainy day one on which 
2.54 millimetres falls, or 0.1 inch. 


The “Duct” Keel in Sea-Going Steamers 

Unper the somewhat indefinite title of “Improve- 
ments in the Construction of Ships,’ Mr. E. F. Spanner, 
R.C.N.C., submitted a paper at the opening meeting of 
the present session of the Institution of Engineers and 
Shipbuilders in Scotland, on October 22nd, which has 
so intimate a bearing on questions of great present-day 
importance—e. g., the maintenance of a ship’s floatabil- 
ity after severe damage—that a short summary will 
be acceptable. The paper was primarily, if not wholly, 
concerned with propounding the idea, not for the first 
time proposed, of providing a central, or mid-line duct, 
along the lower portion of a vessel, for the purpose 
of dealing with fluid distributed in different compart- 
ments along its length. One proposed form of this 
idea provided for a central pipe running through the 
vessel, above the inner bottom, but the author briefly 


dismissed this, as the objections attaching to the ex- 
istence of a pipe of very large cross section in the 
holds, piercing the water-tight bulkheads, and having 
numerous branches, were well recognised. 

The development of the central duct idea is consid- 
ered to offer such advantages as regards safety, econ- 
omy, ete., as should insure it a welcome from those 
interested in the construction and running of sea- 
going vessels of the passenger and large cargo types. 
The author’s proposal is to provide the mid-line fore 
and aft duct by dispensing with the ordinary centre 
vertical or keel plate in the double bottom, and sub- 
stituting two such verticals to form a relatively nar- 
row box-keel running the length of the vessel, and hav- 
ing an unterrupted pasage through it from one end to 
the other, but with vertical doors or valves at specified 
intervals dividing the duct into sections, and with side 
valves into each water ballast section of the vessels 
double bottom, all of which can be operated by pres- 
sure, led in pipes within the duct, and operated, if need 
he, from the engine room. 

The author first dealt exhaustively with the form 
of this duct-keel, and its structural relationship with, 
and strength effects on, the hull of a vessel, both in 
service and when docking, etc. He then treated fully 
of its adaptability and utility to the purposes of water 
ballast and oil fuel carrying in the double bottom com- 
and especially emphasised the important 
is caleulated to render in emergency for 
trimming purposes, as between compartment and 
compartment, to secure and maintain float-ability in 
damaged vessels, after the manner made familiar to 
naval architects and shipowners by Messrs. Brunton 
Brothers. He briefly described the Brunton system, 
and remarked that it was thoroughly sound in concep- 
tion and undoubtedly destined to be widely adopted 
when some of the practical difficulties were overcome. 

Having touched upon most of the principal features 
of the duct form of keel construction—which the au- 
thor said had recently been patented by him, jointly 
with Mr. J. H. Silley, he finished up a paper of great 
detail by summarising the advantages claimed for the 
duct keel vessel. The form of keel proposed was such 
as to increase the strength of the vessel against longi- 
tudinal strains and against strains due to docking or 


partments, 
service it 


grounding. The duct provided a permanent connection 
between the pumping plant and the double bottom, 


and such hold compartments as was desired, enabling 
water or oil to be pumped into or out of these compart- 
ments without the necessity of fitting long leads of 
suction and filling pipes; also in the case of oil avoid- 
ing the necessity of fitting more than a small amount 
of heating pipe. With the duct fitted there was no 
need for the piercing of the water-tight bulkheads 
with numerous holes for the suction and filling pipes. 
Owing to the manner in which communication was 
arranged between duct and adjacent compartments, 
there was no danger of any portion of the vessel be- 
ing flooded by the entry of water through the duct, 
unless such flooding was desired by the ship’s officers. 
As the duct keel involved practically no addition to 
the structural weight of vessel, an amount of dead- 
weight represented by the weight of suction and de- 
livery pipes, joints, bulkhead pieces, valves, strainers, 
ete., dispensed with, was available for cargo carrying, 
as was also the space saved by the absence from holds 
of any ballast or fuel pipes, and of the dunnage neces- 
sary for protecting them. The duct would be available, 
if desired, for arranging of leads of suction and de- 
livery pipes from the pumps to the fresh water tanks, 
or reserve feed water tanks, so avoiding the necessity 
of piercing bulkheads to accommodate these leads. 
The cost of working the form of duct keel described as 
an integral part of the double bottom of vessels will 
be inappreciable, the saving in fitting and maintenance 
of piping considered, and it renders the carrying out 
of the Brunton system more eminently practicable. 
The author desiderated the fullest attention being 
drawn to any practical difficulties in the way of the 
application of the idea. It was desired to establish 
the soundness or otherwise of the idea as early as 
possible. In the present circumstances, when heavy 
demands were being made on the time and energies of 
all interested in the maintainance of our maritime 
efficiency, it was essential that impracticable schemes 
should receive an early quietus. On the other hand, 
it was reasonable to hope that a welcome would be ex- 
tended to any idea which offered a sound prospect of 
success.—The Marine Engineer. 


The Time | to o Cut Walnut 


Dr. Rosert T. Morris, of New York City, a well- 
known authority, in a recent letter to American Forestry, 


says: 
“No doubt the United States Department of Agricul- 


ture has taken into consideration the proper time fop 
cutting black walnut trees reported by the Boy Scoutg, 
The matter, however, is one which concerns us so deeply 
that I may be allowed to impress the point that these 
trees so far as possible should be cut between the months 
of September and April. If the trees are cut at other 
times of the year the root dies. It is a very important 
matter to leave living roots which will reproduce the tregg 
rapidly. It is not only a question of future timber sup. 
ply but the nut growers are at the present time making 
special effort to locate black walnut trees bearing particy. 
larly thin-shelled and well flavored black walnuts with 
good cleavage. 

“The black walnut is destined to play a large part in 
our agricultural economics, both as a timber tree and aga 
source of important food supply. For that reason special 
effort should be made to avoid summer cutting.” 
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